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©  Pleochroic  anthraquinone  dyes. 

  A  material  suitable  for  a  guest-host  liquid  crystal  device 
comprises  a  solution  of  a  liquid  crystal  material  and  a 
pleochroic  dye  where  in  the  pleochroic  dye  comprises  at 
least  one  anthrquinone  compound  free  from  water  solubilis- 
ing  and  ionic  substituents  and  having  the  formula: 

wherein 
Q  is  NH2,  OH,  alkyl,  aryl,  N02  or  halo; 
n is 0 to 4; 
each  X  independently  is  H,  -SR,  -NZ1Z2  or  Q; 
each  R  independently  is  alkyl,  aryl  or  cycloalkyl; 
Z1  and  Z2  are  independently  H,  alkul,  cycloalkyl  or  aryl; 

provided  that  there  are  at  least  two  groups  X  which  are 
different  -SR  groups. 



The  p resen t   i n v e n t i o n   is  concerned  with  o r g a n i c  

m a t e r i a l s ,   in  p a r t i c u l a r   with  p l e o c h r o i c   dyes  in  s o l u t i o n  

with  l i q u i d   c r y s t a l   m a t e r i a l s   e .g .   for  e l e c t r o - o p t i c  

d i s p l a y   a p p l i c a t i o n s .  

Liquid  c r y s t a l   m a t e r i a l s   are  well  known  o r g a n i c  

m a t e r i a l s   which  d i sp lay   phases ,   known  as  l i q u i d   c r y s t a l  

phases  or  mesophases,   having  a  degree  of  molecular   o r d e r i n g  

i n t e r m e d i a t e   between  tha t   of  the  f u l l y   ordered  c r y s t a l l i n e  

s o l i d   s t a t e   and  the  f u l l y   d i s o r d e r e d   i s o t r o p i c   l i q u i d  

s t a t e .  

E l e c t r o - o p t i c a l   devices   i n c o r p o r a t i n g   l i q u i d   c r y s t a l  

m a t e r i a l s   are  well  known  and  widely  used  as  d i g i t a l  

d i s p l a y s   in  such  a p p l i c a t i o n s   as  w a t c h e s ,  c a l c u l a t o r s   and  

d i g i t a l   v o l t m e t e r s .   These  dev ices   u t i l i s e   the  o p t i c a l  

c o n t r a s t   when  an  e l e c t r i c   f i e l d   is  app l i ed   across   a  t h i n  

i n s u l a t i n g   film  of  s u i t a b l e   l i q u i d   c r y s t a l   m a t e r i a l .   The 

molecules   of  the  m a t e r i a l   ( in  a  l i q u i d   c r y s t a l   phase  at  t h e  

t e m p e r a t u r e   of  ope ra t i on )   are  r e - o r i e n t a t e d   by  the  f i e l d  

caus ing   a  change  in  an  o p t i c a l   p rope r ty   of  the  part   of  t h e  

f i lm  where  the  f i e l d   is  a p p l i e d ,   e.g.   a  change  in  a m b i e n t  

l i g h t   s c a t t e r i n g   or  t r a n s m i s s i v i t y .  

Liquid  c r y s t a l   m a t e r i a l s   have  the  p rope r ty   t h a t  

t h e i r   molecules  can  impose  t h e i r   o rde r ing   upon  the  m o l e c u l e s  

of  o ther   s u i t a b l e   dopant  m a t e r i a l s   i n c o r p o r a t e d   w i t h i n  

them.  This  p rope r ty   is  the  b a s i s   of  s o - c a l l e d   " g u e s t - h o s t "  

devices   e.g.  d i sp lay   devices   in  which  the  host  l i q u i d  

c r y s t a l   m a t e r i a l   and  i t s   guest  m a t e r i a l   have  one  m o l e c u l a r  

c o n f i g u r a t i o n   in  the  absence  of  an  app l ied   e l e c t r i c   f i e l d  

"and  another   molecular   c o n f i g u r a t i o n   when  an  e l e c t r i c   f i e l d  

is  app l i ed   across  the  m a t e r i a l .   The  guest  m a t e r i a l   i s  

u s u a l l y   a  p l eochro ic   dye,  which  is  a  dye  whose  m o l e c u l a r  

a b s o r p t i o n   p r o p e r t i e s   vary  with  the  o r i e n t a t i o n   of  t h e  

e l e c t r i c   vector   of  l i gh t   i n c i d e n t   upon  i t s   m o l e c u l e s .  



The  p r e s e n c e   of  such  a  dye  can  be  used  to  enhance  

the  c o n t r a s t   between  the  off   s t a t e   (with  no  e l e c t r i c   f i e l d  

applied)   and  the  on  s t a t e   (with  e l e c t r i c   f i e l d   a p p l i e d )  

of  a  l i q u i d   c r y s t a l   d i s p l a y   because  the  o r i e n t a t i o n   o f  

the  dye  molecu les   is  in  e f f e c t   s w i t c h a b l e   by  the  e f f e c t  

of  the  a p p l i e d   e l e c t r i c   f i e l d   on  the  l i q u i d   c r y s t a l  

no lecu le s   and  by  the  consequen t   r e - o r i e n t a t i o n   of  t h e  

dye  molecules   by  the  g u e s t - h o s t   e f f e c t .  

As  d i s c u s s e d   f u r t h e r   be  low  t h e r e   are  s eve ra l   k i n d s  

of  l i q u i d   c r y s t a l   e f f e c t s   which  can  make  use  of  the  g u e s t - h o s t  

e f f e c t   in  e l e c t r o - o p t i c a l   d i s p l a y s .   These  vary  a c c o r d i n g  

to  the  kind  of  l i q u i d   c r y s t a l   m a t e r i a l   used  and  t h e  

c o n f i g u r a t i o n   of  i t s   molecu les   in  the  off   s t a t e   (e.g.   a s  

de te rmined   by  the  s u r f a c e   t r e a t m e n t s   of  the  s u b s t r a t e s  

employed  to  c o n t a i n   the  f i lm  of  l i q u i d   c r y s t a l  

m a t e r i a l ) .  

In  order   to  p rov ide   maximum  c o n t r a s t   between  t h e  

on  and  off   s t a t e s   of  a  g u e s t - h o s t   l i q u i d   c r y s t a l   d i s p l a y  

i t   is  i m p o r t a n t   t h a t   the  gues t   molecu les   adopt   as  c l o s e l y  

as  p o s s i b l e   the  time  averaged  o r i e n t a t i o n   of  the  h o s t  

mo lecu l e s .   However  t h i s   is  achieved  only  to  a  l i m i t e d  

degree  because   of  random  thermal   f l u c t u a t i o n s .   The 

degree  to  which  the  o r i e n t a t i o n   v a r i e s   from  the  i d e a l  

is  measured  by  a  q u a n t i t y   known  as  the  o rder   pa ramete r   S 

which  is  given  by  the  f o l l owing   e q u a t i o n  :  

where  c o s 2   @ is  a  time  averaged  term  and  6  is  t h e  

i n s t a n t a n e o u s   angu la r   o r i e n t a t i o n   of  the  molecu les   w i t h  



r e s p e c t   to  the  time  averaged  o r i e n t a t i o n   of  the  h o s t  

molecu les .   The  d e t e r m i n a t i o n   of  the  value  of  the  o r d e r  

parameter   S  is  well  unde r s tood   in  the  a r t ;   see  f o r  

example  the  paper  "A  new  a b s o r p t i v e   mode  r e f l e c t i v e   l i q u i d  

c r y s t a l   d i s p l a y   device"   by  D.L.White  and  G . N . T a y l o r  

in  the  Journa l   of  Applied  Phys ics ,   1974,  45  p a g e s  
4718  to  4723.  

For  p e r f e c t   o r i e n t a t i o n   the  order  pa r ame te r   S  i s  

un i ty   ( tha t   is  e  is  ze ro) .   Thus,  p l e o c h r o i c   dyes  f o r  

use  in  g u e s t - h o s t   dev ices   should  have  an  order   p a r a m e t e r  

in  the  l i q u i d   c r y s t a l   host   as  high  as  p o s s i b l e   ( i . e .   l e s s  

than  one  but  as  near  to  one  as  p o s s i b l e ) .   However  t h e y  

must  a lso  have  adequate   chemical ,   pho tochemica l   and  

e l e c t r o c h e m i c a l   s t a b i l i t y ,   e.g.   s t a b i l i t y   when  e x p o s e d  

to  a tmospher ic   c o n t a m i n a n t s ,   e l e c t r i c   f i e l d s   (as  in  -  

device  o p e r a t i o n )   and  to  u l t r a - v i o l e t   r a d i a t i o n .   They 

should  not  be  ion ic   or  have  any  i o n i s a b l e   c h a r a c t e r  

(o therwise   the  l i q u i d   c r y s t a l   m a t e r i a l   wi l l   lose  i t s  

i n s u l a t i n g   na ture   and  conduct  making  the  device   u s e l e s s ) .  

They  must  also  have  s u f f i c i e n t   s o l u b i l i t y   in  the  h o s t  

m a t e r i a l s ;   a l though  the  c o n c e n t r a t i o n   of  gues t   p l e o c h r o i c  

dye  r equ i r ed   for  the  d e s i r e d   e f f e c t   is  g e n e r a l l y   q u i t e  

small  (e.g.  not  more  than  a  few  per  cent  of  dye)  n e v e r t h e l e s s  

many  p l e o c h r o i c   dyes  are  u n s u i t a b l e   because  they  a r e  

e s s e n t i a l l y   i n s o l u b l e   in  l i q u i d   c r y s t a l   m a t e r i a l s .  

In  UK  P a t e n t   A p p l i c a t i o n   GB  2043097A,  l i q u i d  

c r y s t a l   compos i t ions   have  been  proposed  which  can  c o n t a i n  

symmetr ical   dyes  of  the  f o r m u l a :  



wherein  RA  is   hydrogen  or  a  n o n - i o n i c   s u b s t i t u e n t .   These  

dyes  are  proposed  for  use  in  l i q u i d   c r y s t a l   m a t e r i a l s   of  p o s i t i v e  

d i e l e c t r i c   a n i s o t r o p y   only  in  t h a t   UK  Pa ten t   A p p l i c a t i o n .  

In  UK  Pa ten t   A p p l i c a t i o n   Number  2082196A  there   are  p r o p o s e d  
for  use  in  l i q u i d   c r y s t a l   m a t e r i a l s   symmetr ica l   dyes  of  the  f o r m u l a :  

where in  R  r e p r e s e n t s   an  o p t i o n a l l y   s u b s t i t u t e d   alkyl   o r  

aryl   r a d i c a l ,   Q  r e p r e s e n t s   ha logen ,   hydroxy,  amino, 

a lky lamino ,   d i a l k y l a m i n o ,   a ry lamino ,   n i t r o ,   a lkyl   or  a r y l  

and  y  r e p r e s e n t s   an  i n t e g e r   frcm  0  to  4 .  

The  symmet r ica l   dyes  of  formulae  A  and  B,  for  example  

1 , 5 - b i s ( p h e n y l t h i o ) a n t h r a q u i n o n e   and  1 , 4 , 5 , 8 - t e t r a k i s ( p h e n y l t h i o )  

a n t h r a q u i n o n e   have  high  order   pa r ame te r s   and  adequate  s t a b i l i t y  

but  in  g e n e r a l   t h e i r   s o l u b i l i t y   in  a  number  of  l i q u i d   c r y s t a l  

m a t e r i a l s   is  r a t h e r   low  for  p r a c t i c a l   purposes ;   in  p a r t i c u l a r  

they  g e n e r a l l y   give  somewhat  poor  c o n t r a s t   when  used  in  an  e l e c t r o -  

o p t i c a l   d i s p l a y .  



According  to  the  p resen t   i n v e n t i o n   in  a  f i r s t   a s p e c t  

a  m a t e r i a l   s u i t a b l e   for  a  g u e s t - h o s t   l i q u i d   c r y s t a l   d e v i c e  

comprises  a  s o l u t i o n   of  a  l i q u i d   c r y s t a l   ma te r i a l   and  a  

p l e o c h r o i c   dye  wherein  the  p l e o c h r o i c   dye  comprises  at  l e a s t  

one  an th rqu inone   compound  free  from  water  s o l u b i l i s i n g   and 

ion ic   s u b s t i t u e n t s   and  having  the  f o r m u l a :  

wherein  Q  is NH2,  OH,  a lky l ,   a ry l ,   N02  or  h a l o ;  

n  is  0  to  4 ;  

each  X  i n d e p e n d e n t l y   is  H,  -SR,  -NZ1Z2  or  Q; 

each  R  i ndependen t ly   is  a lky l ,   a ryl   or  c y c l o a l k y l ;  

Z1  &  Z2  are  i ndependen t ly   H,  a lky l ,   cyc loa lky l   or  a r y l ;  

provided  tha t   there  are  at  l e a s t   two groups  X  which  a r e  

d i f f e r e n t   -SR  g r o u p s .  

Where  one  of  the  groups  in  Formula  I  is  an  a l k y l  

group  i t   p r e f e r a b l y   has  not  more  than  20  carbon  a toms ,  

d e s i r a b l y   not  more  than  ten  carbon  a toms .  

Where  one  bf  the  groups  in  Formula  I  is  an  a ry l   o r  

c y c l o a l k y l   group  i t   p r e f e r a b l y   has  not  more  than  15  carbon  atoms  and 

is  d e s i r a b l y   a  phenyl  group  or  cyc lohexyl   group  r e s p e c t i v e l y .  



P r e f e r r e d   compounds  within  the  scope  of  Formula  I  a r e  
those  of  the  fo l lowing   f o r m u l a e :  

wherein  R1  is  a r y l ,   R2,Y1  to  Y3  and T1  to T4  a r e  

each  i n d e p e n d e n t l y   a lky l ,   aryl  or  c y c l o a l k y l   and  each  X1is  

i ndependen t ly   H  or  -NZ1Z2  and  Q,  Z1  and  Z2  are  a s  

h e r e i n b e f o r e   d e f i n e d ,   provided  that  a l l   of  the  r a d i c a l s  

r e p r e s e n t e d   by  R  and  R2,  or  by  Y1  to  Y3  or  by  T   t o  
T4  are  not  i d e n t i c a l .  

Where  R,  R2,  Z1,  Z2  any  one  of  Y  to  Y3  or  any  one  of  T  

to  T   i n c l u d e s   an  a lky l   group  the  a l ky l   group  p r e f e r a b l y  
has  not  more  than  20  carbon  a toms .  

Where  R,  R2,  Z1,  Z2,  any  one  of  Y1  to  Y3  or  any  one  of  T1 

to  T'  i n c l u d e s   an  a ry l   group  the  aryl   group  p r e f e r a b l y   has  n o t  

more  than  15  carbon  a t oms .  



The  alkyl   group  r e p r e s e n t e d   by  R,  R ,  Z1,  Z2,  any 

one  of  Y1  to  Y3  or  any  one  of  T1  to  T4,  which  may  be 

branched  or  s t a i g h t   chain ,   is  p r e f e r a b l y   a  lower  alkyl   group  and 

more  p r e f e r a b l y   con t a in s   from  1  to  4  carbon  atoms  and  t he  

c y c l o a l k y l   group  is  p r e f e r a b l y   a  cyc lohexyl   group.  The  a r y l  
1 

group  r e p r e s e n t e d   by R,  R ,  R2,  Z1,  Z2,  any  one  of  Y  

to  Y3  or  any  one  of  T   to  T4  is  p r e f e r a b l y   a  mono-  o r  

b i - c a r b o c y c l i c   aryl  group  such  as  phenyl  or  n a p h t h y l .  

The  alkyl   group  r e p r e s e n t e d   by  Q,  which  may  be  b ranched  

or  s t r a i g h t   chain,   p r e f e r a b l y   con ta ins   from  1  to  20  carbon  atoms 

and  is  more  p r e f e r a b l y   lower  a lky l .   The  aryl   group  r e p r e s e n t e d  

by  Q  is  p r e f e r a b l y   monocarbocycl ic   a ry l ,   such  as  p h e n y l .  
The  a lky l ,   aryl   and  cyc loa lky l   r a d i c a l s   r e p r e s e n t e d   by 

1  3  1  4 R,  R1,  R2,  Z1,  Z2,  Y1  to  Y3,  T1  to  T4,  and  Q  may 
be  s u b s t i t u t e d   by  non - ion i c   groups.  Phenyl  groups  a r e  

p r e f e r a b l y - s u b s t i t u t e d   in  the  para  (4-)  p o s i t i o n   with  respec t   t o  

the  l inkage  to  the  N  or  S  atom  or  to  the  an th r aqu inone   n u c l e u s  

a l though ,   in  the  case  of  me thy lpheny l th io   s u b s t i t u e n t s ,   a  p r o d u c t  

c o n t a i n i n g  a   3 - m e t h y l p h e n y l t h i o   group  is  u sua l l y   more  s o l u b l e  

than  the  same  product  con t a in ing   a  4 - m e t h y l p h e n y l t h i o   g roup .  
P r e f e r r e d   s u b s t i t u e n t   groups  for  the  alkyl  r a d i c a l s   are  a l k o x y ,  

p r e f e r a b l y   C1  to  C4  alkoxy,  halogeno,  p r e f e r a b l y   chloro ,   o r  

a r y l ,   p r e f e r a b l y   mono-cycl ic   a ry l ,   such  as  phenyl .   P r e f e r r e d  

s u b s t i t u e n t   groups  for  the  aryl  r a d i c a l s ,   e .g .   those  r e p r e s e n t e d  

by  R ,  R  and  T5  to  T10  below,  and  c y c l o a l k y l   r a d i c a l s  

are  a lkyl   and  alkoxy,  p r e f e r a b l y   lower  a lkyl   and  lower  alkoxy  and 

more  p r e f e r a b l y   C1  to  C4  alkyl   and  alkoxy,  h a l o g e n o ,  

p r e f e r a b l y   ch loro ,   c y c l o a l k y l ,   p r e f e r a b l y   cyc lohexy l ,   and  a r y l ,  

p r e f e r a b l y   monocyclic  a ry l ,   such  as  p h e n y l .  

Throughout  th is   s p e c i f i c a t i o n   the  e x p r e s s i o n s   " lower  

a lky l"   and  "lower  alkoxy"  mean  alkyl  and  alkoxy  r a d i c a l s  

c o n t a i n i n g   from  1  to  10  carbon  a toms .  

A  p r e f e r r e d   c lass   of  yellow  to  red  dyes  of  Formula  I  a r e  

those  in  which  n  is  0  and  two,  three  or  four  of  the  g roups  

r e p r e s e n t e d   by  X  are  -SR  groups,  the  remainder  being  -VZ1Z2 

or,  more  p r e f e r a b l y   H.  A  p re fe r r ed   c lass   of  red  to  blue  dyes 



accord ing   to  Formula  I  are  those  in  which  2  X's  are  -SR  g r o u p s  

and  2  X's  are  groups  r e p r e s e n t e d   by  Q,  e s p e c i a l l y   OH  or  NH2 

groups.   It  is  f u r t h e r   p r e f e r r e d   in  th i s   l a t t e r   c lass   of  dyes  

tha t   n  is  I  or  2  and  that   each  Q  r e p r e s e n t s   an  alkyl   r a d i c a l  

c o n t a i n i n g   up  to  20  carbon  atoms  in  p o s i t i o n s   ad jacent   to  the  OH 

or  NH2  g r o u p s .  
I t   is  g e n e r a l l y   p r e f e r r e d   that   at  l e a s t   one  and  more 

p r e f e r a b l y   al l   of  the  -SR  groups  are  a r y l t h i o   groups,  and  more 

p r e f e r a b l y   are  pheny l th io   groups.   The  d i f f e r e n c e   between  t h e  

two  aryl  groups  may  occur  in  the  a romat ic   nucleus  but  p r e f e r a b l y  

occurs  in  the  na tu re   and/or  p o s i t i o n   of  a  s u b s t i t u e n t   on  t h e  

a romat ic   nuc l eus .   Where  the re   are  only  two  -SR  groups  they  a r e  

p r e f e r a b l y   in  the  1  and  5  p o s i t i o n s .  

The  unsymmetr ica l   d i - ,   t r i -   and  t e t r a ( s u b s t i t u t e d   t h i o ) -  

a n t h r a q u i n o n e s   are  g e n e r a l l y   more  so lub le   in  l iqu id   c r y s t a l  

m a t e r i a l s   than  the  e q u i v a l e n t   symmetr ica l   d i - ,   t r i -   and  t e t r a -  

( s u b s t i t u t e d   t h i o ) a n t h r a q u i n o n e s   such  as  are  d i s c losed   in  UK 

Paten t   A p p l i c a t i o n   Number  2043097A  and  UK  P a t e n t  
A p p l i c a t i o n   Number  2082196A.in  th i s   s p e c i f i c a t i o n   the  t e rm  

"unsymmet r i ca l "   used  in  r e l a t i o n   to  p o l y ( s u b s t i t u t e d  

t h i o ) a n t h r a q u i n o n e s   i n d i c a t e s   tha t   there   are  at  l eas t   two 

d i f f e r e n t   s u b s t i t u t e d   thio  groups  in  the  molecule  whereas  t h e  

term  " symmet r i ca l "   in  the  same  contex t   i n d i c a t e s   that  a l l   t h e  

s u b s t i t u t e d   thio  groups  in  the  molecule  are  i d e n t i c a l .   The 

p resen t   i n v e n t i o n   does  however  inc lude   composi t ions   compris ing  a 

mixture   of  symmetr ica l   and  unsymmetr ica l   p o l y ( s u b s t i t u t e d  

t h i o ) a n t h r a q u i n o n e s ,   as  well  as  the  pure  unsymmetrical   compounds 

themselves   and  mix tures   t h e r e o f .   It  is  however  p r e f e r r e d   that   s u c h  

compos i t ions   comprise  at  l e a s t   50X  by  weight  of  the  u n s y m m e t r i c a l  

p o l y ( s u b s t i t u t e d   t h i o ) a n t h r a q u i n o n e s   and  more  p r e f e r a b l y   at  l e a s t  

75%  by  weight  of  these  unsymmetr ica l   compounds.  The  u n s y m m e t r i c a l  

compounds  can  be  ob ta ined   in  a  pure  form,  i . e .   free  from  the  

c l o s e l y   r e l a t e d   symmetr ical   compounds  by  c h r o m a t o g r a p h i c  

s e p a r a t i o n   p rocedure s ,   e s p e c i a l l y   by  p r e p a r a t i v e   or  high  p r e s s u r e  

l iqu id   chromatography.   The  main  advantage  of  the  pure  

unsymmetr ica l   compounds  over  compos i t ions   con ta in ing   mixtures   o f  



these  with  the  symmetr ica l   compounds  is  the  g r e a t e r   s o l u b i l i t y  

of  the  former  which,  as  noted  above,  is  of  importance  i n  

o b t a i n i n g   good  c o n t r a s t   in  a  l i q u i d   c r y s t a l   d i s p l a y .  

S o l u b i l i t y   is ,   however,  only  one  cf   the  f a c t o r s   a f f e c t i n g  

the  achievement   of  good  c o n t r a s t   in  a  l i q u i d   c r y s t a l   d i s p l a y ,  

another   f a c t o r   is  the  e x t i n c t i o n   c o e f f i c i e n t   of  the  dye  i n  

the  l i q u i d   c r y s t a l   m a t e r i a l .   One  u s e f u l   i n d i c a t i o n   of  t h e  

a b i l i t y   of  a  dye  to  give  good  c o n t r a s t   is  t h e  p r o d u c t   of  t h e  

molar  e x t i n c t i o n   c o e f f i c i e n t   and  the  s o l u b i l i t y   (in  m o l e s /  

l i t r e ) .   S o l u t i o n s   of  dyes  in  l i q u i d   c r y s t a l   composi t ions   f o r  

use  in  e l e c t r o n i c   d i sp lay   a p p l i c a t i o n s   should  have  a  v a l u e  

for  t h i s   product   which  is  p r e f e r a b l y   at  l e a s t   500  c m   and  

more  p r e f e r a b l y   at  l e a s t   750  cm 1.  As  the  molar  e x t i n c t i o n  

c o e f f i c i e n t   for  a  dye  does  not  vary  s i g n i f i c a n t l y   from  one 

l i q u i d   c r y s t a l   m a t e r i a l   to  ano the r ,   the  p r e f e r r e d   value  o f  

the  product   can  be  used  to  c a l c u l a t e   the  p r e f e r r e d   minimum 

s o l u b i l i t y   of  a  p a r t i c u l a r   dye  in  any  l i q u i d   c r y s t a l   m a t e r i a l  

in  order  to  give  good  c o n t r a s t .   Thus  for  a  dye  having  a  m o l a r  

e x t i n c t i o n   c o e f f i c i e n t   of  11000  cm2.moles-1  the  s o l u b i l i t y  

should  p r e f e r a b l y   be  at  l e a s t   4 .5x10-2  m o l e s / l i t r e   and  more 

p r e f e r a b l y   at  l e a s t   6.8x10-2  m o l e s / l i t r e .   In  fact  the  y e l l o w  

dye  of  Example  1  has  th i s   value  for  the  e x t i n c t i o n   c o e f f i c i e n t  

and  a  molecular   weight  of  480  so  that  the  s o l u b i l i t y   (wt  %) 

for  th i s   dye  should  p r e f e r a b l y   be  at  l e a s t   2.2%  and  more 

p r e f e r a b l y   be  at  l e a s t   3.3%;  the  a c tua l   s o l u b i l i t y   of  t h i s  

dye  in  the  l i q u i d   c r y s t a l   m a t e r i a l   E43  (see  Example  1)  i s  

8.6%.  For  a  dye  having  a  molar  e x t i n c t i o n   c o e f f i c i e n t   o f  

16000  cm2.  m o l e s   the  s o l u b i l i t y   should  p r e f e r a b l y   be  a t  

l e a s t   3 .1x10-2  m o l e s / l i t r e   and  more  p r e f e r a b l y   at  l e a s t  4 . 6 x 1 0 - 2  

m o l e s / l i t r e .   In  fact  the  red  dye  of  Example  1  has  this   v a l u e  

for  the  e x t i n c t i o n   c o e f f i c i e n t   and  a  molecular   weight  of  650 

so  that   the  s o l u b i l i t y   of  th is   dye  (wt  %)  would  p r e f e r a b l y  
be  at  l e a s t   2%  and  more  p r e f e r a b l y   at  l e a s t   3%;  the  a c t u a l  

s o l u b i l i t y   of  th is   dye  in  the  l i q u i d   c r y s t a l   ma te r i a l   E4;  i s  

almost  15%.  For  a  dye  having  a  molar  e x t i n c t i o n   c o e f f i c i e n t  



20000  cm2.moles-1  the  s o l u b i l i t y   is  p r e f e r a b l y   at  l e a s t  
2 .5x10-2   m o l e s / l i t r e   and  more  p r e f e r a b l y   at  l e a s t   3 . 8 x 1 0 - 2  

m o l e s / l i t r e .   In  fac t   the  v i o l e t   dye  of  Example  21  has  t h i s  

value  for  the  e x t i n c t i o n   c o e f f i c i e n t   and  a  molecu la r   we igh t  
of  590  so  t ha t   the  s o l u b i l i t y   should  p r e f e r a b l y   be  at  l e a s t  

1.5%  and  more  p r e f e r a b l y   at  l e a s t   2.2%;  the  a c t u a l  

s o l u b i l i t y   of  t h i s   dye  in  the  l i q u i d   c r y s t a l   m a t e r i a l   E43 

is  4 .6%.  

Dyes  p r epa red   for  use  in  l i q u i d   c r y s t a l   d i s p l a y s   s h o u l d  

p r e f e r a b l y   be  as  pure  as  p o s s i b l e   in  terms  of  t h e i r   f reedom 

from  i n o r g a n i c   and  o ther   i o n i s a b l e   m a t e r i a l s   which  can  i n t e r -  

fere   with  the  o p e r a t i o n   of  the  d i s p l a y   or  p roduc t s   which  a r e  

r a d i a t i o n   s e n s i t i v e   and  decompose  w i th in   the  d i sp l ay   d u r i n g  

o p e r a t i o n .   The  dyes  should  also  p r e f e r a b l y   be  free  from  n o n -  

or  i n f e r i o r   p l e o c h r o i c   m a t e r i a l s ,   such  as  s t a r t i n g   m a t e r i a l s ,  

i n t e r m e d i a t e s   and  b y - p r o d u c t s ,   which  do  not  c o n t r i b u t e   t o  

the  p e r c e i v e d   c o n t r a s t   of  the  d i s p l a y .   To  ob ta in   the  dyes 

in  a  pure  form,  ie  s u b s t a n t i a l l y   f ree   from  i n t e r f e r i n g   o r  

d e l e t e r i o u s   ma t t e r ,   i t   is  g e n e r a l l y   d e s i r a b l e   to  submit  them 

to  r e p e a t e d   r e c r y s t a l l i s a t i o n s   from  o rgan ic s   s o l v e n t s ,   such  a s  

ch lo ro fo rm,   and/or   chromatograph ic   s e p a r a t i o n   p r o c e d u r e s .  

The  compounds  of  the  Formula  I  have  very  high  s t a b i l i t y  

in  l i q u i d   c r y s t a l   m a t e r i a l s   and  high  order  p a r a m e t s r s ,   g e n e r a l l y  

g r e a t e r   than  0.7.   The  d i ( s u b s t i t u t e d   t h i o ) a n t h r a q u i n o n e s  

are  of  p a r t i c u l a r   value  because  s t a b l e   yel low  dyes  with  h i g h  

order  p a r a m e t e r s   and  good  s o l u b i l i t y   have  not  h e r e t o f o r   been  

o b t a i n e d .  

Where  the  m a t e r i a l   accord ing   to  the  f i r s t   aspect   is  f o r  

use  as  in  an  e l e c t r o - o p t i c a l   d i sp lay   the  a d d i t i o n   of  the  dye 

to  the  l i q u i d   c r y s t a l   m a t e r i a l   r a i s e s   the  v i s c o s i t y   of  t h e  

l a t t e r   and  thus  tends  to  i n c r e a s e   the  response   time  of  t h e  

d i s p l a y .   I t   is  t h e r e f o r e   d e s i r a b l e   to  use  as  l i t t l e   dye  a s  

p o s s i b l e   (but  s u f f i c i e n t   to  give  an  adequate   e l e c t r o - o p t i c a l  
c o n t r a s t ) .   In  t h i s   r e s p e c t   the  dyes  of  Formula  I  are  o f  



p a r t i c u l a r   value  because  many  of  them  have  very  high  e x t i n c t i o n  

c o e f f i c i e n t s   and  thus  only  small  q u a n t i t i e s ,   g e n e r a l l y   l e s s  

than  7%,  are  r equ i red   in  the  l i q u i d   c r y s t a l   m a t e r i a l .  

I t   has  been  found  that   the  dyes  of  Formula  I  show 

adequate   order  parameter   and  s o l u b i l i t y   in  a  v a r i e t y   of  l i q u i d  

c r y s t a l   m a t e r i a l s ,   i n c l u d i n g   m a t e r i a l s   of  both  p o s i t i v e   and 

nega t i ve   d i e l e c t r i c   a n i s o t r o p y .  

P a r t i c u l a r   s u i t a b l e   l i q u i d   c r y s t a l   host  m a t e r i a l s   i n c l u d e :  

a.  mix tures   i n c o r p o r a t i n g   cyanb ipheny l s   p r e f e r a b l y   t o g e t h e r  

with  a  few  per  cent  of  one  or  more  compounds  having  a  c l e a r i n g  

point   ( l i q u i d   c r y s t a l   to  i s o t r o p i c   l i q u i d   t r a n s i t i o n )   above 

150 C  (eg  a  c y a n o - p - t e r p h e n y l )   such  as  the  m a t e r i a l s   E7  and 

E43  marketed  by  BDH  Chemicals  Ltd,  of  Broom  Road,  P o o l e ,  

Dorse t ,   England;  (Composi t ions  given  b e l o w ) .  

b,  mix tures   i n c o r p o r a t i n g   cyanophenyl   cyclohexane  compounds 

p r e f e r a b l y   t o g e t h e r   also  with  a  few  per  cent  of  one  or  more 

high  c l e a r i n g   point  compounds  such  as  a  cyanobiphenyl   compound, 

eg  the  m a t e r i a l   ZLI  1132; 

c.  mix tures   i n c o r p o r a t i n g   at  l e a s t   one  cyanobiphenyl   and  

at  l e a s t   one  cyanophenylpyr imid ine   compound,  p r e f e r a b l y  

t o g e t h e r   also  with  a  few  per  cent  of  a  high  c l ea r ing   p o i n t  

compound,  eg  a  cyanopheny lpy r imid inepheny l   compound,  eg  t h e  

m a t e r i a l   ROTN  30; 

d.  mix tures   i n c o r p o r a t i n g   e s t e r s ,   eg  con ta in ing   b i c y c l o  

( 2 , 2 , 2 )   octane  and  benzene  r ings   (which  may  conta in   f l u o r i n e  

s u b s t i t u e n t s ) .  

It  has  been  cound  tha t   p a r t i c u l a r l y   s u i t a b l e   host  l i q u i d  

c r y s t a l   m a t e r i a l s   are  those  which  con ta in   a  mixture  i n c l u d i n g  

roughly  equal  p ropo r t i ons   by  weight  of  4 - n - a l k y l -   or  a l k o x y - 4 -  

cyanobipheny ls   and  1 - ( 4 ' - c y a n o p h e n y l ) - 4 - n - a l k y l c y c l o h e x a n e s  

t o g e t h e r   forming  between  about  60  and  80%  by  weight  of  t h e  

mixture  t o g e t h e r   with  one  or  more  m a t e r i a l s   of  high  c l e a r i n g  

point   ( n e m a t i c - t o - i s o t r o p i c   l i q u i d   t r a n s i t i o n   t e m p e r a t u r e  

g r e a t e r   than  100°C).  



Any  o ther   l i q u i d   c r y s t a l   m a t e r i a l   i n c o r p o r a t i n g   one  o r  

more  compounds  s e l e c t e d   from  the  fo l lowing   known  f a m i l i e s   may 

in  f ac t   be  used  in  the  host   m a t e r i a l :  

w h e r e  is  a  t r a n s ,   1,4  s u b s t i t u t e d   cyclohexane  r i n g ,  
is  a  1,4  s u b s t i t u t e d   b i c y c l o   ( 2 . 2 .2 )   octane  r i n g ,  

X1  is  a  1,4  phenylene  g r o u p  or  a  4,4  b i p h e n y l y l  

g r o u p  or  a   2,6  naph thy l   g r o u p  a n d  Y ,  i s  

C N ,  o r  R 1 ,  o r  O R 1  o r   CO.  O-X1-Y1  where  Y1  i s   C N ,  o r  R 1  o r  

OR1;  t h e  d e f i n i t i o n   of  R1  being  t h e  s a m e  a s  t h a t   o f  R .  

P r e f e r a b l y ,   the  d y e / l i q u i d   c r y s t a l   s o l u t i o n   con ta in s   a t  

l e a s t   0.5%  by  weight  of  the  dye  and  p r e f e r a b l y   between  about  0.75% 
and  10%  by  weight  of  the  dye,  d e s i r a b l y   between  1  and  5  per  c e n t .  
The  exact   amount  of  dye  is  not  c r i t i c a l   w i th in   the  p r e f e r r e d  

range  a l though  the  c o n c e n t r a t i o n   is  p r e f e r a b l y   not  too  low,  i n  

o rder   to  give  a  d i sp l ay   whose  c o n t r a s t   is  enhanced  as  much  a s  
p o s s i b l e ,   and  not  too  high  in  order   to  give  a  d i sp l ay   whose 

e l e c t r o - o p t i c a l   response   is   not  s l o w .  

S o l u t i o n s   of  dye  and  l i q u i d   c r y s t a l   m a t e r i a l   may  be  made  i n  

a  c o n v e n t i o n a l   way  simply  by  mixing  the  dye  and  the  l i q u i d   c r y s t a l  
m a t e r i a l   t o g e t h e r   and  then  h e a t i n g   the  mixture  at  about  80°C  w i t h  

s t i r r i n g   for  about  10  minutes   and  then  a l lowing   the  mixture  t o  
c o o l .  



P l e o c h r o i c   dyes  of  Formula  I  above  may  be  mixed  t o g e t h e r  

with  o ther   dyes  (which  may  or  may  not  also  be  of  Formula  I ) t o  

extend  t h e i r   s p e c t r a l   a b s o r p t i o n   p r o p e r t i e s ,   when  d i s s o l v e d   i n  

l i q u i d   c r y s t a l   m a t e r i a l .   For  example  where  a  dye  of  Formula  I  

is  yellow  and/or   orange  i t   may  be  mixed  with  a  blue  dye  and  a  

red  dye.  The  r e l a t i v e   p r o p o r t i o n s   of  the  dyes  mixed  t o g e t h e r  

are  de termined   by  the  des i r ed   s p e c t r a l   response .   This  is  an  

a b s o r p t i o n   curve  extending  across   the  spectrum  to  give  a  g r e y  

c o l o u r a t i o n .   The  dye  mixture  is  then  used  with  l i q u i d   c r y s t a l  

m a t e r i a l   as  above  or  as  f o l l o w s .  

According  to  the  present   i n v e n t i o n   in  a  second  aspect   a  

l i q u i d   c r y s t a l   e l e c t r o - o p t i c a l   d i sp l ay   inc ludes   two  e l e c t r i c a l l y  

i n s u l a t i n g   s u b s t r a t e s   at  l e a s t   one  of  which  is  o p t i c a l l y  

t r a n s p a r e n t ,   e l e c t r o d e s   on  the  inner   sur faces   of  the  s u b s t r a t e s  

and  a  f i lm  of  d i e l e c t r i c   m a t e r i a l   con ta ined   between  t h e  

e l e c t r o d e s   and  the  s u b s t r a t e s ,   wherein  the  d i e l e c t r i c   m a t e r i a l  

is  m a t e r i a l   according   to  the  f i r s t   aspect  of  the  i n v e n t i o n   a s  

de f ined   above .  

The  l i q u i d   c r y s t a l / d y e   s o l u t i o n   which  is  the  m a t e r i a l  

accord ing   to  the  f i r s t   aspect  of  the  inven t ion   may  be  used  i n  

any  known  e l e c t r o - o p t i c a l   d i sp l ay   as  def ined  i n  t h e   s econd  

aspec t .   Examples, which  wil l   be  f a m i l i a r   to  those  s k i l l e d   i n  

the  l i q u i d   c r y s t a l   ar t ,   are  the  known  devices  opera t ing   by  t h e  

fo l lowing  e f f e c t s :  

a.  THE  TWISTED  NEMATIC  EFFECT 

In  t h i s   case  a  film  of  nematic  l i q u i d   c ry s t a l   m a t e r i a l   o f  

p o s i t i v e   d i e l e c t r i c   a n i s o t r o p y   has  an  off  s t a te   in  which  ( t h e  

long  axes  of)  i t s   molecules  l i e   in  the  plane  of  the  d e v i c e  

s u b s t r a t e   inner   su r faces   (which  are  normally  p a r a l l e l   to  one 

a n o t h e r ) ,   or  at  a  small  angle  t h e r e t o ,   and  undergo  roughly  a 

π/2  h e l i c a l   twist   in  o r i e n t a t i o n   from  one  s u b s t r a t e   to  the  o t h e r  

by  v i r t u e   of  the  o r i e n t a t i o n s   at  the  sur faces   caused  by  

t r e a t m e n t ,   eg  u n i d i r e c t i o n a l   rubbing,   of  those  su r faces   p r i o r  

to  assembly.  This  is  the  tw i s t ed   " h o m o g e n o u s   t e x t u r e "  

A p p l i c a t i o n   of  an  e l e c t r i c   f i e l d   between  the  e l e c t r o d e s   on  t h e  

r e s p e c t i v e   s u b s t r a t e   inner  su r faces   to  give  the  on  s t a t e   c a u s e s  



r e - a r r a n g e m e n t   of  the  l i q u i d   c r y s t a l   molecules   to  l i e   ( w i t h  

t h e i r   long  axes)  e f f e c t i v e l y   p e r p e n d i c u l a r   to  the  s u b s t r a t e  

inner   s u r f a c e s   in  the  "homeot rop ic   t e x t u r e " .   A  change  i n  

o p t i c a l   a c t i v i t y   ( r o t a r y   power)  of  the  f i lm  occurs  between  t h e  

on  and  off  s t a t e s   by  v i r t u e   of  the  mo lecu l a r   r e -a r rangement   and  

the  o p t i c a l   e f f e c t   observed  can  be  enhanced  by  the  u s e  

of  a  l i n e a r   p o l a r i s e r   a d j a c e n t   to  one  of  the  s u b s t r a t e s   and  

p l e o c h r o i c   dye  d i s s o l v e d   in  the  l i q u i d   c r y s t a l   m a t e r i a l .   The 

p o l a r i s e r   has  i t s   p o l a r i s a t i o n   ax i s   p a r a l l e l   to  the  d i r e c t i o n  

of  the  l i q u i d   c r y s t a l   molecu les   at  the  ad j acen t   s u b s t r a t e  

inner   s u r f a c e   (or,   more  s t r i c t l y ,   p a r a l l e l   to  the  a v e r a g e  
axis   of  p r o j e c t i o n   of  the  molecu les   on  tha t   s u r f a c e ) .   By  t h e  

g u e s t - h o s t   e f f e c t   the  dye  causes  the  off   s t a t e   to  a p p e a r  

r e l a t i v e l y   dark  or  s t r o n g l y  c o l o u r   whereas  the  on  s t a t e  

a p p e a r s -  c l e a r   or  weakly  c o l o u r e d .  

b.  THE  FREEDERICKSZ  EFFECT  IN  NEGATIVE  NEMATICS 

In  t h i s   case  a  fi lm  of  nematic   l i q u i d   c r y s t a l   m a t e r i a l  

of  n e g a t i v e   d i e l e c t r i c   a n i s o t r o p y   has  an  off   s t a t e   in  which 

i t s   molecu les   l i e   p e r p e n d i c u l a r   ( ie   in  the  h o m e o t r o p i c  
t e x t u r e )   to  the  s u b s t r a t e   inner   s u r f a c e s   (which  are  p a r a l l e l )  

by  v i r t u e   of  su r face   t r e a t m e n t s   to  t h e s e  i n n e r   s u r f a c e s  p r i o r  
to  assembly.   A  s i ng l e   p o l a r i s e r   is  p laced  ad jacen t   to  one 

s u b s t r a t e   with  i t s   t r a n s m i s s i o n   ax is   p e r p e n d i c u l a r   to  t h e  

normal  to  the  inner   s u r f a c e s .   A p p l i c a t i o n   of  an  e l e c t r i c  

f i e l d   between  the  e l e c t r o d e s   on  the  r e s p e c t i v e   s u b s t r a t e   i n n e r  

s u r f a c e s   to  give  the  on  s t a t e   causes  r e - a r r a n g e m e n t   of  t h e  

l i q u i d   c r y s t a l   molecules   to  l i e   p a r a l l e l   to  the  s u b s t r a t e  

inner   s u r f a c e s   ( ie   in  the  homogeneous  t e x t u r e ) .   I n c o r p o r a t i o n  
of  p l e o c h r o i c   dye  in  the  l i q u i d   c r y s t a l   m a t e r i a l   ensures  t h a t  

the  off   s t a t e   appears   r e l a t i v e l y   c l e a r   or  weakly  c o l o u r e d  

whereas  the  on  s t a t e   appears   dark  or  s t r o n g l y   co loured .   The 

e f f e c t   observed  is  enhanced  by  the  p resence   of  the  p o l a r i s e r .  

c.  THE  FREEDERICKSZ  EFFECT  IN  POSITIVE  NEKATICS 

In  t h i s   case  a  nematic  l i q u i d   c r y s t a l   m a t e r i a l   of  p o s i t i v e  

d i e l e c t r i c   a n i s o t r o p y   has  an  off  s t a t e   in  which  the  m o l e c u l e s  

l i e   roughly   p a r a l l e l   and  in  the  plane  of  the  s u b s t r a t e   i n n e r  



sur faces   (which  are  p a r a l l e l )   by  v i r t u e   of  t r ea tment   of  t h o s e  

su r faces   p r i o r   to  assembly  (ie  the  homogeneous  t e x t u r e ) .   A  s i n g l e  

p o l a r i s e r   is  p laced  ad jacen t   to  one  s u b s t r a t e   with  i t s  

t r a n s m i s s i o n   axis  p a r a l l e l   to  the  s u b s t r a t e   inner   s u r f a c e s .  

A p p l i c a t i o n   of  an  e l e c t r i c   f i e l d   between  the  e l e c t r o d e s   on 
the  r e s p e c t i v e   s u b s t r a t e   inner   s u r f a c e s   to  give  the  on  s t a t e  

causes  r e - a r r a n g e m e n t   of  the  l i q u i d   c r y s t a l   molecules  to  l i e  

p e r p e n d i c u l a r   to  the  s u b s t r a t e   inner   s u r f a c e s ,   ie  the  homeo t rop i c  
t e x t u r e .   I n c o r p o r a t i o n   of  p l e o c h r o i c   dye  in  the  l i q u i d   c r y s t a l  
ma te r i a l   ensures   tha t   the  off  s t a t e   appears   r e l a t i v e l y   dark  o r  

s t rong ly   co loured   whereas  the  on  s t a t e   appears   c o l o u r l e s s   o r  

weakly  co loured   as  in  the  tw i s t ed   nematic  e f f e c t   above.  The 

e f fec t   observed  is  enhanced  by  the  presence   of  the  p o l a r i s e r .  

d.  THE  PHASE  CHANGE  EFFECT  (NEGATIVE  CONTRAST  TYPE) 

In  t h i s   case  a  c h o l e s t e r i c   l i q u i d   c r y s t a l   m a t e r i a l   o f  

p o s i t i v e   d i e l e c t r i c   a n i s o t r o p y   and  long  molecular   h e l i c a l  

p i tch ,   t y p i c a l l y   2pm,  has  an  off  s t a t e   in  which  i t s   m o l e c u l e s  

l ie   in  random  h e l i c e s ,   ie  the  " foca l   conic  t e x t u r e " .  

A p p l i c a t i o n   of  an  e l e c t r i c   f i e l d   between  the  e l e c t r o d e s   on  t h e  

r e s p e c t i v e   s u b s t r a t e   inner   su r f aces   to  give  the  on  s t a t e  

causes  r e - a r r angemen t   of  the  l i q u i d   c r y s t a l   molecules  to  l i e  

p e r p e n d i c u l a r   to  the  s u b s t r a t e   inner   su r faces   (ie  t h e  

homeotropic  t e x t u r e   as  for  p o s i t i v e   nematics   in  the  F r e e d e r i c k s z  

e f f e c t ) .   I n c o r p o r a t i o n   of  p l e o c h r o i c   dye  in  the  l i q u i d   c r y s t a l  
ma te r i a l   g ives   an  off  s t a t e   which  appears   r e l a t i v e l y   dark  o r  

s t rong ly   co loured   and  an  on  s t a t e   which  appears  c o l o u r l e s s   o r  

weakly  c o l o u r e d .  

e.  THE  PHASE  CHANGE  EFFECT  (POSITIVE  CONTRAST  TYFE) 

In  t h i s   case  a  c h o l e s t e r i c   l i q u i d   c ry s t a l   mater ia l   o f  

negat ive  d i e l e c t r i c   an i so t ropy   and  long  molecular   h e l i c a l   p i t c h  

has  on  off  s t a t e   in  which  i t s   molecules   l ie   p e r p e n d i c u l a r   t o  

the  s u b s t r a t e   inner   su r f aces ,   ie  in  the  homeotropic  t e x t u r e .  

App l i ca t i on   of  an  e l e c t r i c   f i e l d   between  e l e c t r o d e s   on  t h e  

r e s p e c t i v e   s u b s t r a t e   inner  su r faces   causes  r e - o r i e n t a t i o n   o f  

the  molecules   to  l ie   in  the  plane  of  the  s u b s t r a t e   i n n e r  

sur faces   in  a  h e l i c a l   arrangement  ie  the  tw i s t ed   homogeneous 



t e x t u r e .   I n c o r p o r a t i o n   of  p l e o c h r o i c   dye  in  the  l i q u i d   c r y s t a l  

m a t e r i a l   gives  an  off   s t a t e   which  is  r e l a t i v e l y   c o l o u r l e s s ' o r  

weakly  coloured  and  an  on  s t a t e   which  is  r e l a t i v e l y   dark  o r  

s t r o n g l y   c o l o u r e d .  

f.  THE  FREEDERICKSZ  EFFECT  IN  SMECTICS 

In  th i s   case  a  smect ic   A  l i q u i d   c r y s t a l   m a t e r i a l   o f  

p o s i t i v e   d i e l e c t r i c   a n i s o t r o p y   having  a  d i e l e c t r i c   r e l a x a t i o n  

f requency   fc  l e s s   than  about  10  kHz  (ie  the  m a t e r i a l   has  a  

n e g a t i v e   d i e l e c t r i c   a n i s o t r o p y   above  t h i s   f requency)   has  an 

off  s t a t e   in  which  i t s   molecules   l i e   roughly  p a r a l l e l   to  t h e  

s u b s t r a t e   inner   s u r f a c e s   with  the  molecules   at  the  two  i n n e r  

s u r f a c e s   p a r a l l e l   as  in  the  F r e e d e r i c k s z   e f f e c t   ( c ) .  

A p p l i c a t i o n   of  an  e l e c t r i c   f i e l d   with  a  f requency   l e s s   t h a n  

f c  t o   give  the  on  s t a t e   causes  r e - o r i e n t a t i o n   of  the  l i q u i d  

c r y s t a l  m o l e c u l e s  t o   l i e   p e r p e n d i c u l a r   to  the  s u b s t r a t e   i n n e r  

s u r f a c e s ,   is  in  the  homeot ropic   t e x t u r e .   The  on  s t a t e   i s  

p r e s e r v e d   when  the  f i e l d   is  removed.  C l e a r i n g   of  the  on  s t a t e  

may  be  achieved  by  the  a p p l i c a t i o n   of  a  high  f r e q u e n c y  
e l e c t r i c   f i e l d ,   ie  with  a  f requency  >  fc.  A  s i ng l e   p o l a r i s e r  
is  used,  as  with  the  F r e e d e r i c k s z   e f f ec t   (c)  above,  when  t h e  

molecu la r   a l ignment   at  the  two  s u b s t r a t e   inner   s u r f a c e s   in  t h e  

off  s t a t e   is  p a r a l l e l .   I n c o r p o r a t i o n   of  p l e o c h r o i c   dye  i n  

the  l i q u i d   c r y s t a l   m a t e r i a l   gives  an  off  s t a t e   which  i s  

r e l a t i v e l y   dark  or  s t r o n g l y   coloured  and  an  on  s t a t e   which  i s  

c l ea r   or  weakly  c o l o u r e d .  

Use  of  the  m a t e r i a l   de f ined   in  the  f i r s t   a spec t   of  t h e  

i n v e n t i o n   above  is  not  l i m i t e d   to  e l e c t r o - o p t i c a l   d i s p l a y s  

(as  de f ined   in  the  second  a s p e c t ) .   The  m a t e r i a l   may,  in  f a c t ,  

be  used  in  any  known  a p p l i c a t i o n   of  a  dyed  l i q u i d   c r y s t a l  

m a t e r i a l .   An  example  of  such  a  'non  e l e c t r o - o p t i c a l '   a p p l i -  

c a t i on   is  a  t h e r m a l l y   add res sed   d i sp l ay   in  which  a  symbol  o r  

c h a r a c t e r   is  p rov ided   in  a  smect ic   or  c h o l e s t e r i c   m a t e r i a l  

by  s e l e c t i v e   h e a t i n g   of  the  m a t e r i a l   eg  by  a  l a s e r   (eg  He/Ne) 

beam,  to  produce  a  l o c a l i s e d   change  in  the  mo lecu la r   t e x t u r e  

of  the  m a t e r i a l .   The  dye  enhances  the  c o n t r a s t   between  t h e  

d i f f e r e n t   r eg ions   of  the  d i s p l a y ,   ie  between  those  which  a r e  

s e l e c t i v e l y   heated   and  those   which  are  not  h e a t e d .  



Rever t ing   to  the  dyes  of  Formula  I  used  in  the  m a t e r i a l  

accord ing   to  the  f i r s t   a s p e c t ,  a   p r e f e r r e d   c lass   of  yellow  d y e s ,  

c o n t a i n i n g   two  d i f f e r e n t   -SR  groups,   has  the  genera l   f o rmula :  

1  2 
wherein  R  is  an  aryl  r a d i c a l   and  R  is  any  of  the  g roups  

r e p r e s e n t e d  b y   R  above  provided  that   R1  and  R2  are  n o t  
i d e n t i c a l .  

Radicals   which may  be  r e p r e s e n t e d   by  R  include  a l k y l ,  

aryl  and  cyc loa lky l   r a d i c a l s   which  may  carry  one  or  more 
non- ion ic   s u b s t i t u e n t s   such  as  those  mentioned  above.  When  R2 

is  an  aryl  r a d i c a l ,   it  must  be  d i f f e r e n t   from  the  aryl  r a d i c a l  

r e p r e s e n t e d  b y   R1.  This  d i f f e r e n c e   may  occur  in  the  a r o m a t i c  

nucleus  or  in  the  nature  and/or  p o s i t i o n   of a  s u b s t i t u e n t  

thereon .   Useful  compounds  of  this   type  include  those  of  t h e  
fo rmula :  

3 
wherein  R  r e p r e s e n t s   hydrogen  or  a  non- ionic   s u b s t i t u e n t ,  
R4  r e p r e s e n t s   a  non- ionic   s u b s t i t u e n t   and  R3  d i f f e r s   from 
R4  in  c o n s t i t u t i o n   and/or  in  i ts   p o s i t i o n   on  the  phenyl  
r a d i c a l .  



P a r t i c u l a r   mention  may  be  made  of  compounds  of  t h e  

f o r m u l a :  

where in   R  a n d   R  have  the  meanings  given  above  and  R  

d i f f e r s   in  c o n s t i t u t i o n   from  R4.  E s p e c i a l l y   useful   compounds 

of  th i s   type  inc lude   those  in  which  R3 is   hydrogen  and  R 4  i s  

a  lower  alkyl   r a d i c a l ,   e s p e c i a l l y   t - b u t y l .  

Dyes  of  Formula  V  may  be  prepared  by  r eac t ing   one 

e q u i v a l e n t   of  the  th io l   R1SH  and  one  e q u i v a l e n t   of  the  t h i o l  
R2SH  with  one  e q u i v a l e n t   of  a  1 , 5 - d i h a l o g e n o a n t h r a q u i n o n e .   The 

r e a c t i o n   is  c o n v e n i e n t l y   c a r r i e d   out  in  a  so lven t ,   for  example 

d imethy l fo rmamide ,   and  in  the  presence   of  an  a c i d - b i n d i n g   a g e n t ,  
for  example  potass ium  c a r b o n a t e .  

The  product   of  th is   r e a c t i o n   is  a  s t a t i s t i c a l   m i x t u r e  

c o n t a i n i n g   the  compound  of  Formula  V  as  major  component 



t oge the r   with  the  symmetrical   compounds  of  the  f o r m u l a e :  

and 

Compounds  of  Formula  V  may  be  prepared  in  a  purer  form 

by  r e a c t i n g   a  1 - h a l o g e n o - 5 - n i t r o a n t h r a q u i n o n e   with  one 

e q u i v a l e n t   of  the  f i r s t   thio  (R SH)  under  mild  cond i t ions   and 

then  r e a c t i n g   the  product  with  one  equ iva len t   of  the  second  t h i o l  

(R2SH)  at  a  higher  t e m p e r a t u r e .  

As  noted  above,  known  symmetrical   dyes  of  Formula  A  such  

as  1 , 5 - b i s ( p h e n y l t h i o ) a n t h r a q u i n o n e ,   have  r a t h e r   low  s o l u b i l i t y  

in  l i q u i d   c r y s t a l   m a t e r i a l s .   Mixtures  of  two  or  more  compounds 
of  Formula  A  also  have  low  s o l u b i l i t i e s   in  l i q u i d   c r y s t a l   m a t e r i a l s .  

It  is  s u r p r i s i n g   tha t   the  unsymmetrical   dyes  of  Formula  V 

have  s i g n i f i c a n t l y   h igher   s o l u b i l i t i e s   in  l i qu id   c r y s t a l   m a t e r i a l s  

than  the  symmetrical   dyes  of  Formula  A.  The  pure  u n s y m m e t r i c a l  

dyes  have  higher   s o l u b i l i t i e s   than  those  products   mentioned  above 

which  conta in   the  symmetr ical   compounds  of  Formulae  IX  and  V I I I  

as  i m p u r i t i e s .   However,  these  mixtures  of  unsymmetr ical   and  symmet r i ca l  

dyes  have  s u f f i c i e n t l y   h igher   s o l u b i l i t i e s   than  the  pure  s y m m e t r i c a l  

dyes  to  give  them  commercial  u t i l i t y .  

A  p r e f e r r ed   c lass   of  red  dyes,  con ta in ing   four  -SR 



groups,   not  more  than  three  of  which  are  i d e n t i c a l ,   has  the  

genera l   f o r m u l a :  

wherein  each  of  T ,  T ,  T  and  T  may  be  any  of  t h e  

groups  r e p r e s e n t e d   by  R  above,  provided  not  more  than  three  a r e  
i d e n t i c a l .  

P a r t i c u l a r l y   usefu l   compounds  of  Formula  XI  are  those  i n  

which  each  of  T ,  T2,  T  and  T  is  an  aryl  r a d i c a l   o f  

which  not  more  than  three   are  i d e n t i c a l .   D i f f e r e n c e s   between 

these  r a d i c a l s   may  occur  in  the  aromatic   nucleus   or  in  the  n a t u r e  

and/or   p o s i t i o n   of  the  s u b s t i t u e n t s   thereon .   U s e f u l  

compounds  of  th i s   type  inc lude   those  of  the  f o r m u l a ;  

wherein  each  of  T5,  T6,  T7  and  T8  i n d e p e n d e n t l y  

r e p r e s e n t s   hydrogen  or  a  non- ion ic   s u b s t i t u e n t ,   as  h e r e i n b e f o r e  

d e s c r i b e d ,   at  l eas t   one  of  T5,  T6,  T7  and  T8  b e i n g  

d i f f e r e n t   from  the  o ther   in  e i t h e r   c o n s t i t u t i o n   or  p o s i t i o n .  



P a r t i c u l a r   mention  may  be  made  of  compounds  of  the  

f o r m u l a :  

wherein  T9  r e p r e s e n t s   hydrogen  or  a  non- ion ic   s u b s t i t u e n t   and 
T10  r e p r e s e n t s   a  non- ion ic   s u b s t i t u e n t ,   T9  and  T10  n o t  

being  i d e n t i c a l .   E s p e c i a l l y   useful   compounds  of  this   type 
include  those  in  which  T9 is   hydrogen  and  T10  is  a  lower  

a l k y l  r a d i c a l ,   e s p e c i a l l y   t - b u t y l .  

Dyes  of  Formula  XI  may  be  prepared  by  r eac t ing   a 

1 , 4 , 5 , 8 - t e t r a h a l o g e n o a n t h r a q u i n o n e   with  one  e q u i v a l e n t   of  each  of 

the  t h i o l s :   T1SH,  T2SH,  T3SH,  T4SH,  not  more  than  t h r e e  

of  T1,  T2,  T3  and  T  being  i d e n t i c a l .   The  r e a c t i o n   i s  

c o n v e n i e n t l y   c a r r i ed   out  in  a  so lven t ,   for  example 

d imethyl formamide,   and  in  the  presence  of  an  a c i d - b i n d i n g   a g e n t ,  

for  example  potassium  c a r b o n a t e .  

Thus,  compounds  of  Formula  XIII  may  be  prepared  by 

r e a c t i n g   the  t e t r a h a l o g e n o a n t h r a q u i n o n e   with  two  e q u i v a l e n t s  



of  a  t h i o l   of  f o r m u l a :  

and  two  e q u i v a l e n t s   of  a  th io l   of  f o r m u l a :  

The  p roduc t   of  these  r e a c t i o n s   is  a  s t a t i s t i c a l   m i x t u r e  

in  which  compounds  of  Formula XI  p redominate   t oge the r   w i t h  

l e s s e r   amounts  of  compounds  in  which  T ,  T2,  T3  and  T4 

are  i d e n t i c a l .  

As  noted   above,  the  s y m m e t r i c a l   dyes  of  Formula  B  h a v e  

s o l u b i l i t i e s   in  l i q u i d   c r y s t a l   m a t e r i a l s   which  are  g e n e r a l l y  

lower   than  is   d e s i r a b l e   for   p r a c t i c a l   p u r p o s e s .  

I t   is  s u r p r i s i n g   tha t   the  u n s y m m e t r i o a l   dyes  o f  

Formula  XI  have  s i g n i f i c a n t l y   h i g h e r   s o l u b i l i t i e s   in  l i q u i d  

c r y s t a l   m a t e r i a l s   than  the  symmet r i ca l   dyes  of  Formula  XIV. 

The  p r e f e r r e d   group  of  orange  dyes  of  Formula  I I I   may 
be  p r e p a r e d   by  r e a c t i n g   two  d i f f e r e n t   s u b s t i t u t e d   t h i o l s   with  a  

t r i c h l o r o a n t h r a q u i n o n e ,   in  the  p r e sence   of  an  acid   b ind ing   a g e n t ,  

to  give  a  c o m p o s i t i o n   c o n t a i n i n g   mainly   the  u n s y m m e t r i c a l  

compounds  t o g e t h e r   with  a  sma l l e r   p r o p o r t i o n   of  the  s y m m e t r i c a l  

compounds.  A l t e r n a t i v e l y   one  t h i o l   may  be  r e a c t e d   with  a  

n i t r o d i c h l o r o a n t h r a q u i n o n e   under  mild  c o n d i t i o n s   to  give  a  

d i c h l o r o a n t h r a q u i n o n e   and  the  second  t h i o l   r e a c t e d   with  t h e  

d i c h l o r o a n t h r a q u i n o n e   i n t e r m e d i a t e   to  give  a  s i n g l e   u n s y m m e t r i c a l  

t r i ( s u b s t i t u t e d   t h i o ) a n t h r a q u i n o n e   with  only  minor  q u a n t i t i e s   o f  

the  s y m m e t r i c a l   p r o d u c t s .  

The  -HZ1Z2  groups  and  the  groups  r e p r e s e n t e d   by Q  a r e  

p r e f e r a b l y   i n t r o d u c e d   p r i o r   to  the  -SR  groups  by  known  methods  

for  i n t r o d u c i n g   such  groups,   e .g .   by  r e a c t i n g   an  amino  compound 

HNZ1Z2  with  the  a p p r o p r i a t e   c h l o r a n t h r a q u i n o n e .  



Examples  of  other   s u i t a b l e   compounds  of  Formula  I  a r e :  

1 - p h e n y l t h i o - 5 - ( n a p h t h - 2 - y l t h i o ) a n t h r a q u i n o n e ,  

l - p h e n y l t h i o - 5 - ( d o d e c y l t h i o ) a n t h r a q u i n o n e ,  

1 - p h e n y l t h i o - 5 - ( 4 - n o n y l p h e n y l t h i o ) a n t h r a q u i n o n e ,  

1 - ( p h e n y l t h i o ) - 4 , 5 , 8 - t r i ( c y c l o h c x y l t h i o ) a n t h r a q u i n o n e ,  

1 - ( p h e n y l t h i o ) - 4 , 5 , 8 - t r i ( 4 - p h e n y l p h e n y l t h i o ) a n t h r a q u i n o n e ,  

1 - ( p h e n y l t h i o ) - 4 , 5 , 8 - t r i ( 4 - t - b u t y l p h e n y l t h i o ) a n t h r a q u i n o n e ,  

1 - p h e n y l t h i o - 4 - a n i l i n o - 5 - ( 4 - 3 e t h y l p h e n y l t h i o ) a n t h r a q u i n o n e ,  

1 - p h e y n l t h i o - 4 , 8 - d i ( b u t y l a m i n o ) - 5 - b u t y l t h i o - a n t h r a q u i n o n e ,  

and  1 - p h e n y l t h i o - 5 - c y c l o p e n t y l t h i o - a n t h r a q u i n o n e .  

Examples  of  the  p r e p a r a t i o n   and  p r o p e r t i e s   of  dyes  o f  

Formula  I  w i l l   now  be  given.  In  these   Examples  a l l   pa r t s   and 

p e r c e n t a g e s   quoted  are  by  weight ,   un l e s s   o t h e r w i s e   i n d i c a t e d ,  
and  the  l e t t e r s   'AQ'  are  used  to  r e p r e s e n t   a n t h r a q u i n o n e   and 
'MP'  are  used  to  r e p r e s e n t   me l t ing   poin t   of  the  p r o d u c t .  

Example  1 

1 , 4 , 5 , 8 - t e t r a c h l o r o a n t h r a q u i n b n e   (12g)  was  added  to  a  
s t i r r e d   mixture  of  dimethylformamide  (100  ml),  p o t a s s i u m  
carbona te   (12g),   t h iopheno l   (10.4  ml)  and  4 - t - b u t y l p h e n y l t h i o l  

(14.8  ml).  The  r e a c t i o n   mixture  was  hea ted   to  130-140°C  and 

main ta ined   at  tha t   t empera tu re   for  5  hours .   Af ter   foo l ing   o v e r -  

n i g h t ,   the  r e a c t i o n   product   was  f i l t e r e d   and  the  f i l t e r   cake  was 
washed  s e v e r a l   times  with  a  50:50  mixture   of  e thano l   and  2N 

sodium  hydroxide   s o l u t i o n .   The  washed  product   was  then  washed 

with  very  d i l u t e   a ce t i c   acid,   washed  acid  f ree   with  w a t e r ,  
dr ied   at  50°C  in  vacuo,  d i s s o l v e d   i n  t h e   minimum  amount  o f  

b o i l i n g   t o l u e n e ,   f i l t e r e d ,   r e p r e c i p i t a t e d   by  the  a d d i t i o n   o f  

methanol ,   f i l t e r e d   off,   washed  with  methanol  and  d r ied   at  50°C. 

The  product   conta ined  the  fo l lowing   s u b s t i t u t e d   AQs. 



The  s o l u b i l i t y   of  the  product  was  measured  in  l i q u i d  
c r y s t a l   m a t e r i a l   E43  marketed  by  BDH  Chemicals  Limited  of  Broom 

Road,  Poole,  Dorse t ,   England.  E43  con ta ins   the  compounds: 

The  s o l u b i l i t y   of  the  product  in  E43  at  20°C  is  14.7%. 

For  comparison,   the  s o l u b i l i t i e s   of  pure  1 , 4 , 5 , 8 - t e t r a k i s -  

( p h e n y l t h i o ) a n t h r a q u i n o n e   and  pure  1 , 4 , 5 , 8 - t e t r a k i s -  

( 4 - t - b u t y l p h e n y l t h i o ) a n t h r a q u i n o n e   in  the  same  m a t e r i a l   a r e ,  
r e s p e c t i v e l y ,   <1%  to  1 .8X. 

Example  2 

The  p rocedure   of  Example  1  was  r epea t ed   except  that  t h e  

4 - t - b u t y l p h e n y l t h i o l   was  replaced  by  the  e q u i v a l e n t   q u a n t i t y  

of  p - m e t h y l p h e n y l t h i o l .  

Example  3 

Thiophenol   (2 .97g) ,   p - p h e n y l p h e n y l t h i o l   (4.38g)  and 

potassium  c a r b o n a t e   (3.73g)  were  s t i r r e d   in  23  ml 

dimethylformamide(DMF)  at  120°C  for  1  hour  and  cooled  to  ambien t  

t e m p e r a t u r e .   1 , 4 , 5 , 8 - T e t r a c h l o r o a n t h r a q u i n o n e   (3.46g)  was  added ,  
the  mixture  held  at  120°C  for  4  hours  and  then  cooled  to  ambien t .  

After  the  a d d i t i o n   of  20  ml  ethanol   the  mixture  was  worked  up  by 

the  fo l lowing  p r o c e d u r e .   After  f i l t r a t i o n   and  washing  with  a 

50:50  mixture  of  2N  NaOH  and  ethanol  the  crude  product  was 
s l u r r i e d   in  30  ml  of  the  same  solvent   mix ture ,   s t i r r e d   for  30 

minutes ,   f i l t e r e d ,   washed  s u c c e s s i v e l y   with  the  c a u s t i c  

s o d a / e t h a n o l   so lven t   and  water  and  dried  at  80°C. 



The  work-up  product   was  bo i led   in  30  ml  c h l o r o f o r m ,  
f i l t e r e d   cold  and  the  f i l t r a t e   added  dropwise  to  250  ml  pe t ro l eum 
e ther   (100-120) .   After   s t i r r i n g   for  1  hour  the  p r e c i p i t a t e   was 

f i l t e r e d ,   washed  with  40-60  petroleum  e ther   and  dr ied   at  80°C. 

The  product  con ta ined   about  90%  unsymmetr ica l   t e t r a - ( s u b s t i t u t e d  

t h i o ) a n t h r a q u i n o n e s ,   c a r ry ing   both  p h e n y l t h i o   and  p h e n y l p h e n y l t h i o  

groups,  the  remainder   being  symmetr ica l   t e t r a ( s u b s t i t u t e d  

t h i o ) a n t h r a q u i n o n e s , .  c a r r y i n g   e i t h e r   p h e n y l t h i o   o r  

p h e n y l p h e n y l t h i o   g r o u p s .  

Example  4 

1.98G  t h iopheno l ,   2.07g  of  c y c l o h e x y l t h i o l   and  2.02g  of 
KOH  in  30  ml  e thanol   were  s t i r r e d   at  r e f l ux   for  1  hour  and 
cooled  to  ambient  t empera tu re .   1 , 4 , 5 , 8 , - T e t r a c h l o r o - A Q   (2 .31g)  
was  added  and  the  mixture  s t i r r e d   at  r e f l ux   t empera tu re   for  16 
hours  before  cool ing  to  room  tempera ture   and  working  up  a c c o r d i n g  
to  the  work-up  p r o c e d u r e . o f   Example  3.  The  crude  so l id   was 
d i s so lved   in  100  ml  hot  chloroform,   screened  and  drowned  into  300 
ml  methanol  over  a  5  minute  per iod .   The  drownout  mass  was  s t i r r e d  
for  30  minutes  and  the  sol id  f i l t e r e d ,   washed  with  methanol  and 
dried  at  80°C  (yield   2.8g).   The  main  c o n s t i t u e n t s   of  the  p roduc t  

are  unsymmetrical   t e t r a ( s u b s t i t u t e d   thio)AQs,  ca r ry ing   bo th  

c y c l o h e x y l t h i o   and  phenyl th io   g r o u p s .  
Example  5 

1 , 5 - D i c h l o r o a n t h r a q u i n o n e   (12g)  was  added  to  a  s t i r r e d  

mixture  of  dimethylformamide  (100  ml),  potass ium  c a r b o n a t e  

(8.0  g),  th iophenol   ( t h io l   1:  7.0  ml)  and  4 - t - b u t y l p h e n y l t h i o l  

( t h io l   2:  8.0  ml).  The  r e a c t i o n   mixture  was  heated  to  130-140°C 

and  maintained  at  that   t empera ture   for  5  hours.   After  c o o l i n g  

overn igh t ,   the  r e a c t i o n   product  was  f i l t e r e d   and  the  f i l t e r   cake 

was  washed  several   times  with  a  50:50  mixture   of  ethanol   and  2N 

sodium  hydroxide  s o l u t i o n .   The  washed  product  was  then  washed 

with  very  d i l u t e   ace t i c   acid,  washed  a c i d - f r e e   with  water,   d r i e d  

at  50°C  in  vacuo,  d i s so lved   in  the  minimum  amount  of  b o i l i n g  

to luene ,   f i l t e r e d ,   r e - p r e c i p i t a t e d   by  the  add i t i on   of  me thano l ,  

f i l t e r e d   off,   washed  with  methanol  and  dried  at  50°C. 

The  product  contained  55ro  of  1 - ( 4 - t - b u t y l p h e n y l t h i o ) -  

5 - p h e n y l t h i o a n t h r a q u i n o n e ,   the  remainder  being  the  two 

symmetrical  1 , 5 - d i s u b s t i t u t e d   a n t h r a q u i n o n e s .  



The  f o l l o w i n g   four  analogous   products   were  prepared  by 

the  method  of  Example  5  us ing  the  e q u i v a l e n t   q u a n t i t i e s   o f  

the  a p p r o p r i a t e l y   s u b s t i t u t e d   t h i o l s   in  place  of  the  t h i o p h e n o l  

and  the  4 - t - b u t y l p h e n y l t h i o l   used  in  Example  5 .  

Example  6 

Thiol   1:  t h i o p h e n o l  

Thiol   2:  3 - m e t h y l p h e n y l t h i o l  

Main  component  of  the  p r o d u c t :  

1 - p h e n y l t h i o - 5 ( 3 - m e t h y l p h e n y l t h i o ) A Q  

("%  in  comp"  denotes   the  pe rcen t age   by  w e i g h t  
of  the  main  component  of  the  product   in  t h e  
produc t   compos i t ion .   This  a b b r e v i a t i o n   is  u s e d  
also  in  the  fo l lowing   E x a m p l e s . )  

%  in  campn:  48% 

Example  7  

T h i o l  1 :   3 - m e t h y l p h e n y l t h i o l  

Thiol   2:  4 - t - b u t y l p h e n y l t h i o l  

Main  component  of  p r o d u c t :  

1 ( 3 - m e t h y l p h e n y l t h i o ) - 5 ( 4 - t - b u t y l p h e n y l t h i o ) A Q  

%  in  compn:  64% 

Example  8 

Thiol   1:  3 - m e t h y l p h e n y l t h i o l  

Thiol   2:  4 - m e t h y l p h e n y l t h i o l  

Main  component  of  p r o d u c t :  

1 ( 3 - m e t h y l p h e n y l t h i o ) - 5 ( 4 - m e t h y l p h e n y l t h i o ) A Q  

Example  9 

Thiol   1:  t h i o p h e n o l  

Thiol   2:  4 - m e t h y l p h e n y l t h i o l  

Main  component  of  p r o d u c t :  

1 - p h e n y l t h i o - 5 ( 4 - B e t h y l p h e n y l t h i o ) A Q  



Example  10 

A  mixture  of  73.7g  4 - t - b u t y l p h e n y l t h i o l   ( th io l   2)  25g 

potassium  hydrox ide ,   and  640  ml  e thanol   was  heated  at  r e f l u x  

tempera ture   for  1  hour  and  cooled  to  room  t empera tu re .   To  t h i s  

mixture  was  added  86.5g  l - p h e n y l t h i o - 5 - c h l o r o a n t h r a q u i n o n e ,   ove r  

a  period  of  5  m inu t e s ,   the  mixture  heated  to  r e f lux   and  he ld  

there  for  16  hours.   At  the  end  of  the  r e a c t i o n   period  the  

mixture  was  cooled  to  room  t empera tu re ,   the  so l id   p r o d u c t  
f i l t e r e d   off  and  washed  with  200  ml  50%  2N  NaOH/ethanol.  The 

crude  product  was  r e s l u r r i e d   into  a  f u r t h e r   200  ml  of  the  same 

mixed  so lven t ,   s t i r r e d   for  30  minutes ,   r e f i l t e r e d ,   washed 

s u c c e s s i v e l y   with  100  ml  50%  2N  NaOH/ethanol  and  100  ml  water  and 

dried  at  80°C. 

The  product   was  ex t r ac t ed   with  2  l i t r e s   15:1  mixture  of  

100-120  petroleum  e ther   and  chloroform  at  r e f l ux   for  48  hou r s  

fo l lowing  which  the  ch loroform was   d i s t i l l e d   off .   The  s lu r ry   i n  

petroleum  e ther   was  cooled  and  f i l t e r e d   a f t e r   24  hours  at  room 

tempera tu re ,   washed  with  100  ml  40-60  pet roleum  ether   and  d r i e d  

at  80°C. 

After  r epea ted   r e c r y s t a l l i s a t i o n   from  methanol  t he  

product ,   c o n t a i n i n g   about  88%  I - p h e n y l t h i o - 5 - ( 4 - t - b u t y l p h e n y l -  

t h i o ) a n t h r a q u i n o n e ,   had  a  melt ing  point   of  241°C. 

The  I - p h e n y l t h i o - 5 - c h l o r o a n t h r a q u i n o n e   used  above  was 

prepared  by  adding  72.5g  1 - n i t r o - 5 - c h l o r o a n t h r a q u i n o n e   and  500  ml 

ethanol  to  a  mixture  of  78g  of  th iophenol   ( t h io l   1),  32g 

potassium  ca rbona te   and  125  ml  dimethylformamide  ( p r e v i o u s l y  

re f luxed   at  120°C  for  2  hours  and  cooled  to  room  temperature)   and 

hea t ing   to  40°C  for  16  hours.   After  cool ing  and  s tanding  for  48 

hours  the  so l id   product   was  f i l t e r e d ,   washed  with  1  l i t r e   40% 

aqueous  e thano l ,   r e s l u r r i e d   in  500  ml  of  the  same  s o l v e n t ,  

s t i r r e d   for  30  minutes ,   f i l t e r e d   and  washed  s u c c e s s i v e l y   with  200 

ml  40%  aqueous  e thanol   and  1  l i t r e   water.   The  product  was 

r e s l u r r i e d   in  500  ml  water  for  30  minutes ,   f i l t e r e d ,   washed  w i t h  

water  and  f i n a l l y   with  100  ml  ethanol  and  dried  at  80°C. 



Table  2  compares  the  s o l u b i l i t i e s   of  the  dyes  o f  

Examples  5  and  10,  with  those  of  the  equ iva l en t   symmetr ical   d y e s ,  
in  the  l iqu id   c r y s t a l   m a t e r i a l   E43,  desc r ibed   above  in  Example  1, 

at  20°C. 

It  is  c l ea r   from  the  s o l u b i l i t y   data  l i s t e d   in  Table  2 

tha t   the  unsymmetr ica l   p roduc t ,   e i t h e r   alone  or  in  admixture  w i t h  

the  symmetrical   e q u i v a l e n t s ,   has  a  c o n s i d e r a b l y   h igher   s o l u b i l i t y  

in  the  l iqu id   c r y s t a l   medium  than  e i t h e r   of  the  s y m m e t r i c a l  

p roduc t s   or  t h e i r   mix tu re .   This  higher   s o l u b i l i t y   is  not  o n l y  

comple te ly   unexpec ted   but  of  c o n s i d e r a b l e   commercial  s i g n i f i c a n c e  

in  view  of  the  demand  for  p r a c t i c a l   l i q u i d   c r y s t a l   d i s p l a y s   which  

are  based  on  the  g u e s t - h o s t   e f f e c t .  

The  f o l l owing   f ive  analogous  composi t ions   were  p r e p a r e d  

in  a  s i m i l a r   way  to  the  p rocess   of  Example  10  us ing  the  e q u i v a l e n t  

q u a n t i t i e s   of  the  a p p r o p r i a t e l y   s u b s t i t u t e d   t h i o l s   in  place  o f  

the  t h i o l s   used  in  Example  10.  

Example  11 

Thiol  1:  t h i o p h e n o l  

Thiol  2:  3 - m e t h y l p h e n y l t h i o l  

Main  product :   I - p h e n y l t h i o - 5 ( 3 - m e t h y l p h e n y l t h i o ) A Q  

%  in  compn.:  81% 

M.P.:  227°C 



Example  12 

Thiol  1:  t h i o p h e n o l  

Thiol  2:  4 - m e t h y l p h e n y l t h i o l  

Main  product :   1 - p h e n y l t h i o - 5 ( 4 - m e t h y l p h e n y l t h i o ) A Q  

%  in  compn.:  83% 

M.P.:  269°C 

Example 13 

Thiol  1:  t h i o p h e n o l  
Thiol  2:  n - b u t y l t h i o l  

Main  product :   1 - p h e n y l t h i o - 5 ( n - b u t y l t h i o ) A Q  

%  of  compn.:  98% 

M.P.:  163°C 

Example  14 

Thiol  1:  t h i o p h e n o l  

Thiol  2:  4 - p h e n y l p h e n y l t h i o l  

Main  product :   1 - p h e n y l t h i o - 5 ( 4 - p h e n y l p h e n y l t h i o ) A Q  

%  in  compn.:  91% 

Example  15 

Thiol  1:  T h i o p h e n o l  

Thiol  2:  c y c l o h e x y l t h i o l  

Main  product :   1 - p h e n y l t h i o - 5 - c y c l o h e x y l t h i o - A Q  

Example  16 

A  s o l u t i o n   of  1.98g  of  t h iopheno l ,   2.99g  of  4 - t - b u t y l -  

p h e n y l t h i o l   and  2.48g  of  potass ium  carbonate   in  20  ml  o f  

dimethylformamide  was  heated  to  115°C  and  s t i r r e d   at  th i s   t e m p e r a t u r e  

for  1  hour.  To  the  s o l u t i o n   was  added  3.28g  o f  

1 , 5 - d i n i t r o - 4 , 8 - d i a m i n o - A Q   and  the  mixture  s t i r r e d   for  8  hou r s  

at  115°C.  It  was  then  cooled  to  room  t e m p e r a t u r e ,   f i l t e r e d ,  

washed  s u c c e s s i v e l y   with  DMF,  water  and  e thanol   and  dried  to  g ive  

1.7g  of  crude  p r o d u c t .  



The  crude  product   was  p u r i f i e d   by  sc reen ing   in  h o t  

ch lo ro fo rm  and,  a f t e r   coo l ing ,   passage  through  a  s i l i c a - p a c k e d  

chromatography   column.  The  column  was  e luted  with  chloroform  and 

the  main  blue  band  was  c o l l e c t e d   and  evapora ted   to  dryness .   The 

dry  m a t e r i a l   was  s l u r r y   washed  with  20  ml  methanol ,   f i l t e r e d ,  

washed  with  methanol  and  dr ied   at  80°C  to  give  0.2g  of  p u r i f i e d  

c o m p o s i t i o n   c o n t a i n i n g   63X  1 - p h e n y l t h i o - 5 ( 4 - t - b u t y l p h e n y i t h i o ) -  

4 , 8 - d i a m i n o - A Q .  

The  1 , 5 - d i n t r o - 4 , 8 - d i a m i n o - A Q   was  p repared   from 

1 , 5 - d i a m i n o - A Q - b i s - N , N - d i m e t h y l f o r m i d i n i u m   c h l o r i d e   by  the  method 

of  Example  2  of  UK  Pa ten t   S p e c i f i c a t i o n   No  1041528  and  t h e  

1 , 5 - d i a m i n o - A Q - b i s - N , N - d i m e t h y l f o r m i d i n i u m   c h l o r i d e   was  made  from 

1,5-diamino-AQ  by  the  method  of  Example  2  of  German  P a t e n t  

S p e c i f i c a t i o n   No  1132931. 

Example  17 

T h i o p h e n o l ( I . 9 8 g ) ,   3 - m e t h y l p h e n y l t h i o l ( 2 . 3 3 g )   and 

po ta s s ium  c a r b o n a t e ( 2 . 0 2 g )   were  s t i r r e d   at  115°C  in  15  ml  DMF 

for  1  hour  and  cooled  to  room  t empe ra tu r e .   To  th i s   mixture  were 

added  4.24g  of  1 , 5 - d i b r o m o - 4 , 8 - d i ( m e t h y l a m i n o ) A Q   over  5  m i n u t e s  

and  the  mixture   r ehea t ed   to  120°C  and  s t i r r e d   at  th i s   t e m p e r a t u r e  
for  16  hours.   After   cool ing   to  ambient  t empera tu re   and  t h e  

a d d i t i o n   of  25  ml  e thanol   the  crude  ma te r i a l   was  worked  up  as  in  

Example  3  to  y ie ld   4.35g.  The  worked  up  m a t e r i a l   was  d i s s o l v e d  

in  ch loroform  and  passed  through  a  s i l i c a - p a c k e d   chromatography  

column  e l u t i n g   with  ch loroform  and  c o l l e c t i n g   the  main  red  band.  

Af te r   e v a p o r a t i o n   of  the  ch loroform,   washing  with  methanol  and 

dry ing   at  80°C  the  y ie ld   of  p u r i f i e d   m a t e r i a l   was  4 . 0 9 g  

c o n t a i n i n g   48.9X  of  1 - p h e n y l t h i o - 5 ( 4 - t - b u t y l   p h e n y l t h i o ) - 4 , 8 -  

d i (methylamino)AQ,   the  remainder   being  the  two  s y m m e t r i c a l  

d i ( s u b s t i t u t e d   t h i o ) A Q s .  

Example  18 

A  mixture  of  1.24g  of  t h iopheno l ,   1.87g  o f  

4 - t - b u t y l p h e n y l t h i o l   and  1.56g  of  potassium  carbonate   in  10  ml 
DMF  were  s t i r r e d   at  120°C  for  1  hour  and  cooled  to  ambient  

t e m p e r a t u r e .   To  the  cooled  mixture  were  added-1.73g  o f  

1 - n i t r o - 5 , 8 - d i c l o r o - 4 - a n i l i n o - A Q   and  the  mixture  s t i r r e d   at  120°C 
for  5  hours.   After  cool ing  to  ambient  t empera ture   and  adding  
27  ml  e thanoland  40  ml  water  the  sol id   was  f i l t e r e d ,   washed  w i t h  
water  and  e thanol   and  dr ied  to  y ie ld   3.55g  of  crude  m a t e r i a l .  



The  crude  m a t e r i a l   was  c i s s o l v e d   in  chloroform  and 

passed  through  a  s i l i c a - p a c k e d   chromatography  column,  e l u t i n g  

with  chloroform  and  c o l l e c t i n g   the  main  orange  band.  A f t e r  

evapora t ing   the  s o l v e n t ,   30  ml  methanol  were  added  and  the  s o l i d  

ma te r i a l   f i l t e r e d ,   washed  with  methanol  and  dried  at  50°C  ( y i e l d  

2.95g).   The  p u r i f i e d   m a t e r i a l   con ta ined   65X  unsymmet r i ca l  

t r i ( s u b s t i t u t e d   thio)AQs,  the  remainder   being  mainly  the  two 

symmetrical   t r i ( s u b s t i t u t e d   t h i o ) A Q s .  

The  1 - n i t r o - 4 - a n i l i n o - 5 , 8 - d i c h l o r o - A Q   was  p r e p a r e d  

according  to  the  fo l lowing   method:  

A  mixture  of  7.83g  of  a n i l i n e   and  lOg  of  1 , 4 , 5 - t r i c h l o r o - 8 - n i t r o  

an thraqu inone   in  75  ml  2 - e t h o x y e t h a n o l   was  heated  at  120°C  f o r  

18  hours .   The  product   was  f i l t e r e d ,   washed  with  e thano l ,   s l u r r i e d  

in  50  ml  e thanol   and  r e f i l t e r e d .   It  was  then  s t i r r e d   into  50  ml 

2N  HC1,  f i l t e r e d ,   washed  acid  free  with  water  and  dried  at  80°C.  

The  f i n a l   s tage  o f  p u r i f i c a t i o n   cons i t ed   of  s t i r r i n g   the  d r y  

m a t e r i a l   in  50  ml  chloroform  for  20  minutes ,   f i l t e r i n g ,   w a s h i n g  
with  chloroform  and  drying  at  80°C  to  y ie ld   5.9g  of  product   (m.p .  

216-7°C)  having  a  pu r i t y   of  90.5%  (de termined  by  HPLC). 

Example  19 

A  mixture  of  1.48g  t h iopheno l ,   2.24g  4 - t - b u t y l p h e n y l -   -- 
th io l   and  1.5g  KOH  were  re f luxed   in  15  ml  ethanol   for  1  hour  

and  cooled  to  ambient  t empera tu re .   To  the  cooled  mixture  were  

added  1.5g  of  1 , 4 , 5 - t r i c h l o r o - A Q   and  the  mixture  re f luxed  for  16 

hours.  After  cool ing  to  ambient  t empera ture   the  mixture  was 
worked  up  as  desc r ibed   in  Example  3.  The  2.3g  of  worked  up 
ma te r i a l   conta ined   62%  unsymmetr ical   t r i ( s u b s t i t u t e d   t h i o ) A Q s ,  

i . e .   d i ( p h e n y l t h i o ) - ( 4 - t - b u t y l p h e n y l t h i o ) A Q   and  p h e n y l t h i o -  

d i ( 4 - t - b u t y l p h e n y l t h i o ) A Q ,   the  remainder  being  mainly  the  two 

symmetrical   t r i ( s u b s t i t u t e d   t h io )AQs .  

Example  20 

A  mixture  of  0.127g  of  th iophenol   and  0.065g  KOH  i n  

15  ml  e thanol   was  ref luxed  for  1  hour  and  cooled  to  ambient  

t empera tu re .   To  the  cooled  mixture  was  added  0.66g  of 

1 , 5 - d i ( 4 - t - b u t y l p h e n y l t h i o ) - 4 - c h l o r o - A Q   and  the  mixture  r e f l u x e d  

for  16  hours  before  cooling  to  ambient  t empera ture .   After  work ing  

up  as  descr ibed   in  Example  3  the  yield  of  dry  mate r ia l   was  0 . 6 g .  

This  ma te r i a l   conta ined  78%  of  1 , 5 - d i ( 4 - t - b u t y l p h e n y l t h i o ) -  

4 - p h e n y l t h i o - A Q .  



The  1 , 5 - d i ( 4 - t - b u t y l p h e n y l t h i o ) - 4 - c h l o r o - A Q   was  p r e p a r e d  

as  f o l l o w s :  

A  mix tu re   of  2.98g  of  4 - t - b u t y l p h e n y l t h i o l   and  0.51g  KOH  in  10  ml 

e t h a n o l   was  r e f l u x e d   for  1  hour  and  cooled  to  amb ien t  

t e m p e r a t u r e .   To  th is   was  added  1.56g  of  1 , 4 , 5 - t r i c h l o r - A Q   and  t h e  

mixture   s t i r r e d   at  40°C  for  16  hours  before   cool ing  to  ambien t  

t e m p e r a t u r e .   Af te r   working  up  the  crude  m a t e r i a l   as  descr ibed   i n  

Example  3  i t   was  f u r t h e r   p u r i f i e d   by  d i s s o l v i n g   in  100  ml  60-80 

pe t ro l eum  e t h e r ,   sc reen ing   and  passage  through  a  s i l i c a - p a c k e d  

chromatography   column,  e l u t i n g   with  the  same  so lvent   and 

c o l l e c t i n g   the  middle  orange  band.  After   e v a p o r a t i o n   of  t h e  

s o l v e n t ,   washing  with  methanol  and  drying  the  yie ld   of  p u r i f i e d  

m a t e r i a l   was  0 . 9 g .  

Example  21 

A  mix ture   of  1.1  ml  (0.01  moles)  of  th iopheno l   and  5 . 8 g  

of  1 , 5 - d i h y d r o x y - 2 , 6 - d i n o n y l - 4 , 8 - d i n i t r o - A Q   (0.01  moles)  i n  

50  ml  p y r i d i n e   was  s t i r r e d   for  30  minutes   at  room  t empera tu re   and 

then  drowned  out  into  100  ml  water .   Concent ra ted   HC1  (75  ml)  was 

added  and  the  p r e c i p i t a t e d   so l id   was  f i l t e r e d ,   washed  with  w a t e r  

and  d r ied   to  y i e ld   6g  of  crude  m a t e r i a l .   A  por t ion   of  th is   (3g) 

was  r e c r y s t a l l i s e d - f r o m   100-120  pe t ro leum  e ther   to  y ie ld   1.3g  o f  

the  i n t e r m e d i a t e   1 , 5 - d i h y d r o x y - 2 , 6 - d i n o n y l - 4 - n i t r o - 8 - p h e n y l t h i o -  

a n t h r a q u i n o n e   ( s t r u c t u r e   confirmed  by  mass  s p e c t r o m e t r y ) .  

A  mix ture   of  0.65g  of  the  above  i n t e r m e d i a t e   and  0.2g  o f  

4 - t - b u t y l p h e n y l t h i o l   in  10  ml  p y r i d i n e   was  s t i r r e d   at  90-5°C  f o r  

16  hours  and  then  drowned  out  into  50  ml  of  d i l u t e   HC1.  The 

p r e c i p i t a t e d   so l i d   was  f i l t e r e d ,   washed  s u c c e s s i v e l y   with  w a t e r  

and  methanol   and  dr ied .   It  was  then  r e c r y s t a l l i s e d   from  40-60 

pe t ro leum  e the r   to  yield  O.lg  of  product   c o n s i s t i n g   mainly  o f  

1 , 5 - d i h y d r o x y - 2 , 6 - d i n o n y l - 4 ( 4 - t - b u t y l p h e n y l t h i o ) - 8 - p h e n y l t h i o - A Q  

( s t r u c t u r e   confirmed  by  mass  s p e c t r o m e t r y ) .  
The  1 , 5 - d i h v d r o x y - 2 , 6 - d i n o n y l - 4 , 8 - d i n i t r o - A Q   was  made 

accord ing   to  the  method  desc r ibed   in  UK  Patent   S p e c i f i c a t i o n   No. 

2038809A  by  r e a c t i n g   1,5-dihydroxy-AQ  with  nonanal  and  n i t r a t i n g  

the  d i -nony l   d e r i v a t i v e .  



Example  22 

A  mixture  of  6.6g  of  1 , 8 - d i h y d r o x y - 2 , 7 - d i d o d e c y l - 4 , 5 - d i -  

n i t ro-AQ,  l . l g   of  th iopheno l   and  100  ml  pyr id ine   were  s t i r r e d  

mixed  at  ambient  t empera tu re   for  2  hours  and  then  drowned  ou t  

into  200  ml  water.   The  p r e c i p i t a t e d   so l id   was  f i l t e r e d ,   washed 

s u c c e s s i v e l y   with  water  and  methanol  and  dried  to  y ie ld   4.5g  o f  

crude  m a t e r i a l .   After  r e c r y s t a l l i s a t i o n   from  100-120  p e t r o l e u m  

ether   the  product  was  1 , 8 - d i h y d r o x y - 2 , 7 - d i d o d e c y l - 4 - p h e n y l t h i o -  

5-ni t ro-AQ  (4.15g:  s t r u c t u r e   confirmed  by  mass  s p e c t r o m e t r y ) .  

A  por t ion   of  th is   i n t e r m e d i a t e   (3.7g)  was  added  to  a 

so lu t ion   of  0.83g  of  4 - t - b u t y l p h e n y l t h i o l   and  0.3g  KOH  in  50  ml 

i so -p ropano l   at  65°C.  After   hea t ing   the  mixture  at  the  r e f l u x  

(83°C)  for  3  hours  it  was  coo led - to   ambient  t e m p e r a t u r e ,  

f i l t e r e d ,   washed  s u c c e s s i v e l y   with  i sopropanol   and  m e t h a n o l ,  

dried  and  r e c r y s t a l l i s e d   from  100-120  petroleum  e the r .   The 

product   (2.75g)  was  e s s e n t i a l l y   l , 8 - d i h y d r o x y - 2 , 7 - d i d o d e c y l -  

4 - p h e n y l t h i o - 5 - ( 4 - t - b u t y l p h e n y l t h i o ) A Q .  

The  l , 8 - d i h y d r o x y - 2 , 7 - d i d o d e c y l - 4 , 5 - d i n i t r o - A Q   was  made 

according  to  the  method  d e s c r i b e d  i n   UK  Patent   S p e c i f i c a t i o n   No. 

2038809A  by  r eac t i ng   1,8-dihydroxy-AQ  with  dodecanal   and - 

n i t r a t i n g   the  d i -dodecy l   d e r i v a t i v e .  

Example  23 

A  sample  of  the  product  prepared  according  to  t he  

process  descr ibed  in  Example  1  was  passed  through  a  h i g h  

p res su re   l iquid   chromatography  column  packed  with  P a r t i s i l   5u 

(250x4.6mm)  using  99:1  h e x a n e : a c e t o n i t r i l e   as  e luent   at  a  f low 

ra te   of  2  ml/min  and  ambient  tempera ture   (20°C).  De tec t ion   was  by 

means  of  a  u.v.  source  (254  nm)  and  samples,  cor responding   to  a l l  

the  peaks  in  the  chromatogram,  were  c o l l e c t e d .   The  f r a c t i o n s  

c o l l e c t e d   are  i d e n t i f i e d   in  Table  3. 



In  Table  3,  Y  r e p r e s e n t s   4 - t - b u t y l p h e n y l t h i o -   and  X 

r e p r e s e n t s   p h e n y l t h i o - .  

F r a c t i o n s   3  and  3a  had  the  same  r e t e n t i o n   time  and  were  

s e p a r a t e d   by  t h e i r   d i f f e r e n t   s o l u b i l i t i e s   in  the  e l u e n t .  

The  f o l l o w i n g   compos i t ion   was  p r e p a r e d  

in  a  s i m i l a r   way  to  the  p rocess   of  Example  10  us ing   the  e q u i v a l e n t  

q u a n t i t i e s   of  the  a p p r o p r i a t e l y   s u b s t i t u t e d   t h i o l s   in  place  o f  

the  t h i o l s   used  in  Example  10.  

Example  24 

Thiol   1:  t h i o p h e n o l  

Thiol   2:  4 - m e t h o x y p h e n y l t h i o l  

Main  P roduc t :   1 - p h e n y l t h i o - 5 - ( 4 - m e t h o x y p h e n y l t h i o l A Q  

Example  25 

The  p r o c e d u r e   of  Example  4  was  r e p e a t e d   except   for  t h e  

r e p l a c e m e n t   of  the  c y c l o h e x y l t h i o l   by  the  e q u i v a l e n t   w e i g h t  

of  4 - m e t h o x y p h e n y l t h i o l . T h e   main  c o n s t i t u e n t s   of  the  p roduc ts   a r e  

unsymmet r i ca l   t e t r a ( s u b s t i t u t e d   thio)AQs  c a r r y i n g   p h e n y l t h i o   and 

4me thoxypheny l th io   groups  in  the  1,4,5  and  8  p o s i t i o n s .  

The  p r o d u c t s   ob ta ined   in  Examples  1  to  25  wi l l   be  

r e f e r r e d   to  as  P roduc t s   1  to  25  r e s p e c t i v e l y .   Table  4  a s  

fo l lows  shows  the  p r o p e r t i e s   of  Produc ts   1  to  25  when  d i s s o l v e d  

in  the  l i q u i d   c r y s t a l   m a t e r i a l   E43  r e f e r r e d   to  a b o v e .  

In  Table  4  and  e l sewhere   in  t h i s   s p e c i f i c a t i o n   t h e  

symbols  S  a n d  λ m a x   r e p r e s e n t   r e s p e c t i v e l y   order   pa rame te r   and 

wave l eng th ( s )   (measured  in  nm)  of  maximum  a b s o r p t i o n   b o t h  

measured  at  20oC. 





Where  the  term  ' s o l u b i l i t y '   is  used  in  t h i s  

s p e c i f i c a t i o n   in  r e l a t i o n   to  a  d y e / l i q u i d   c r y s t a l   s o l u t i o n   t h i s  

r e f e r s   to  the  pe rcen tage   by  weight  of  dye  in  the  s o l u t i o n  

measured  at  20°C. 

It   should  be  noted  t h a t   the  s o l u b i l i t y   f i g u r e s   a r e  

i m p o r t a n t   in  the  p roduc t ion   of  m a t e r i a l s   for  p r a c t i c a l   g u e s t -  

host   a p p l i c a t i o n s   for  the  f o l l o w i n g   r e a s o n s :  

a.  the  o p t i c a l   p r o p e r t i e s   at  20°C  are  improved  w i t h  

g r e a t e r   dye  conten t   in  the  l i q u i d   c r y s t a l / d y e   s o l u t i o n  

at  20°C. 

b.  the  o p t i c a l   p r o p e r t i e s   at  lower  t e m p e r a t u r e s   a r e  

improved  with  g r e a t e r   dye  con ten t   in  the  l i q u i d   c r y s t a l /  

dye  s o l u t i o n   at  20°C  because   g r e a t e r   s o l u b i l i t y   of  a  

given  dye  in  a  given  host  at  200C  normally  l eads   t o  

g r e a t e r   s o l u b i l i t y   of  the  dye  in  tha t   host  at  l o w e r  

t e m p e r a t u r e s .  

F u r t h e r   p r o p e r t i e s   have  been  measured  for  c e r t a i n   of  t h e  

p r o d u c t s   mentioned  above  and  these   are  l i s t e d   in  Tables  5  to  7 

b e l o w .  

In  the  Tables  5  to  7   the  f o l l owing   host  l i q u i d   c r y s t a l  

m a t e r i a l s   are  r e f e r r e d   t o :  

(1)  Host  1,  which  is  the  m a t e r i a l   E7  supp l ied   by  BDE 

Chemicals   Ltd  having  a  c o m p o s i t i o n :  

51%  by  w e i g h t  

25%  by  we igh t  
16%  by  we igh t  

8%  by  we igh t  

(2)  Host  2,  which  is  the  m a t e r i a l   ZLI  1132  supp l ied   by 

E  Merck  Co.  which  inc ludes   the  f o l l owing   compounds: 



(3)  Host  3,  which  is  the  m a t e r i a l   ZLI  1695  supp l i ed   by 

E  Merck  Co.,  Darmstadt .   This  has  a  c l e a r i n g   point   ( n e m a t i c -  

t o - i s o t r o p i c   t r a n s i t i o n   t empera tu re )   of  720C.  It  is  a  m i x t u r e .  

i n c l u d i n g   cyanophenylcyc lohexane   (PCH)  compounds. 

(4)  Host  4,  which  is  a  commercial ly  a v a i l a b l e   m a t e r i a l  
c o n t a i n i n g   phenyl  d i o x a n s .  

This  has  a  c l e a r i n g   point   of  87°C.  It  is  a  m i x t u r e .  

(5)  Host  5,  which  is  the  m a t e r i a l   ZLI  1565  supp l i ed   by 

E  Merck  Co.  This  has  a  c l e a r i n g   point   of  85°C.  I t   is  a  

mixture  i nc lud ing   cyanocyc lohexy lcyc lohexane   (CCH)  compounds.  

(6)  Host  6,  which  is  the  m a t e r i a l   ZLI  1624  s u p p l i e d   by  

E  Merck  Co.  This  has  a  c l e a r i n g   point   of  87°C.  I t   is  a  

mixture  i n c l u d i n g   PCH  compounds. 

(7)  Host  7,  which  is  the  m a t e r i a l   RO  TN  403  supp l i ed   by 

F  Hoffman  La  Roche  Co.,  Basle .   This  has  a  c l e a r i n g   point   o f  

82°C  and  is  a  mixture  i n c l u d i n g   cyanopheny lpyr imid ine   (PPM) 
compounds. 

(8)  Host  8,  which  is  the  m a t e r i a l   RO  TN  430  supp l i ed   by 

F  Hoffman  Lt  Roche  Co.  This  has  a  c l e a r i n g   point   of  69°C  and 

is  a  mixture  i n c l u d i n g   PPM  compounds. 

(9)  Host  9,  which  is  a  mixture  of  the  fo l lowing   b i c y c l o ( 2 , 2 , 2 )  

octane  d e r i v a t i v e s   (see  UK  Patent   A p p l i c a t i o n   Number  7926902  ) :  

30%  by  w e i g h t  

40%  by  we igh t  

30%  by  we igh t  



Host  Number  10 

This  is  an  example  of  a  host   m a t e r i a l   which  i t s e l f  

has  a  high  order   p a r a m e t e r .  

(11)  Host  11,  which  is  a  mixture   of  the  fo l lowing   compounds 

in  the  s t a t e d   p e r c e n t a g e s   by  w e i g h t .  

This  is  an  example  of  a  host  m a t e r i a l   which  i t s e l f   has  

a  high  order   p a r a m e t e r .  



(12)  Host  12,  which  is  a  mixture  of  the  fo l lowing   compounds 

in  the  s t a t e d   pe r cen t ages   by  w e i g h t .  

Component  A:  90%  by  w e i g h t :  



A  s u i t a b l e   dye  mixture   made  from  the  above  s p e c i f i c   dyes  

for   12 µm  c e l l s   (see  below)  is  as  f o l l o w s :  

Dye  Mixture   1 

Dye  Number  30  is  an  example  of  a  dye  as  de sc r ibed   in  UK 

P a t e n t   A p p l i c a t i o n   Number  8123185  and  has  a  f o r m u l a :  



A  p r e f e r r e d   (more  grey)  dye  mixture   is  as  f o l l o w s :  

Dye  Mixture  2 

Another  s u i t a b l e   mixture  is  as  f o l l o w s :  

Dye  Mixture  3 

Examples  of  l i q u i d   c r y s t a l   devices   embodying  the  s e c o n d  

aspect   of  the  p resen t   i n v e n t i o n   w i l l   now  be  descr ibed   w i t h  

r e f e r e n c e   to  the  accompanying  drawings  in  which:  

Figure  1  is  an  exploded  view  of  a  F r e e d e r i c k s z   e f f e c t  

d i sp l ay   device  embodying  the  p resen t   i n v e n t i o n ,  

Figure  2  is  a  s e c t i o n a l   view  of  the  device  shown  i n  

Figure  1;  and 

Figure  3  is  a  f ront   view  of  a  watch  having  a  l i q u i d  

c r y s t a l   display  c o n s t r u c t e d   as  shown  in  Figures   1  and  2 .  

As  shown  in  Figure  1  a  l i q u i d   c r y s t a l   d isplay   of  t h e  

F r e e d e r i c k s z   e f f e c t   ( p o s i t i v e   nematic)   type  inc ludes   a  l i q u i d  

c r y s t a l   c e l l   3  compris ing  two  g lass   s l i d e s   4,  5  c o n t a i n i n g  a  

l aye r   of  l i q u i d   c r y s t a l   m a t e r i a l   6  which  is  b a s i c a l l y   a  p o s i t i v e  

nematic  m a t e r i a l   t o g e t h e r   with  a  p l e o c h r o i c   dye.  E l e c t r o d e s  

7,  8  eg  of  t i n   oxide  are  a r ranged  on  the  inner   faces  of  t h e  

s l i d e s   4,  5.  A  brushed  aluminium  r e f l e c t o r   27  may  be  l o c a t e d  

behind  the  s l ide   5 .  



Pr io r   to  a s sembl ing   the  c e l l   3  the  s l i d e s   4,  5  ( a l r e a d y  

b e a r i n g   the  e l e c t r o d e s   7,  8)  are  coated  on  t h e i r   inner   faces  w i t h  

s i l i c o n   monoxide  or  magnesium  f l u o r i d e .   This  coa t i ng   is  formed 

by  e v a p o r a t i n g   a  s t ream  of  eg  s i l i c o n   monoxide  onto  the  s l i de   a t  

an  angle   of  about  5°  to  the  su r f ace   as  for  example  desc r ibed   i n  

UK  Pa ten t   S p e c i f i c a t i o n   Number  1 ,454,296.   Q1  assembly  the  s l i d e s  

are  a r r anged   with  the  e v a p o r a t i o n   d i r e c t i o n   on  the  two  s l i d e s   4,  5  

p a r a l l e l   to  one  a n o t h e r .   With  such  coa t ings   a p p l i e d   l i q u i d   c r y s t a l  

molecu les   at  the  coated  s u r f a c e s   l i e   in  a  s i n g l e   d i r e c t i o n   ( p a r a l l e l  

to  the  e v a p o r a t i o n   d i r e c t i o n )   and  at  an  angle  of  about  25°  to  35°  

t y p i c a l l y   about  3 0  t o   the  ad j acen t   s l ide   s u r f a c e .   As  a  r e s u l t   t h e  

l i q u i d   c r y s t a l   molecu les   l i e   in  a  p a r a l l e l   homogeneous  t e x t u r e  

as  i n d i c a t e d   by  arrow  13  (Figure   1).  The  dye  molecules   in  g u e s t -  
hos t   r e l a t i o n s h i p   with  the  l i q u i d   c r y s t a l   molecules   are  a l s o  

r o u g h l y   in  t h i s   t e x t u r e   g iv ing   a  r e l a t i v e l y   s t r o n g l y   c o l o u r e d  

appea rance   to  the  c e l l   3  (which  is  black  or  grey  i f   the  dye  a b s o r b s  

u n i f o r m l y . t h r o u g h o u t   the  v i s i b l e   s p e c t r u m .  

A  s i n g l e   p o l a r i s e r   1  p laced  in  f ront   of,  or  behind,   t h e  

c e l l   3  (shown  in  f ron t   in  Figure   1)  with  i t s   t r a n s m i s s i o n   a x i s  

p a r a l l e l   to  the  a l ignment   d i r e c t i o n   of  the  l i q u i d   c r y s t a l   m a t e r i a l   6,  

w i l l   enhance  the  co lour   of  the  d i sp lay   in  t h i s   s t a t e ,   the  " o f f "  

s t a t e .   By  t h i s   a r rangement   t he   e l e c t r i c   vec tor   of  the  i n c i d e n t   o r  

r e f l e c t e d   l i g h t   is  conf ined   roughly  p a r a l l e l   to  the  t r a n s i t i o n  

of  the  dye  m o l e c u l e s .  

When  a  s u i t a b l e   v o l t a g e ,   eg  a  few  v o l t s ,   ( g r e a t e r   than  t h e  
t h r e s h o l d   to  give  the  e f f e c t )   is  app l i ed   between  the  e l e c t r o d e s  
7  and  8,  ie  to  give  the  "on"  s t a t e ,   the  molecules   of  the  l i q u i d  
c r y s t a l   m a t e r i a l   are  swi tched   to  the  homeotropic  t e x t u r e ,   ie  t o  
l i e   p a r a l l e l   to  the  e l e c t r i c   f i e l d   along  an  axis  p e r p e n d i c u l a r   t o  
the  s l i d e s   4,  5.  The  dye  molecu les   are  also  swi tched  to  t h i s  
t e x t u r e   by  the  g u e s t - h o s t   e f f e c t   and  have  t h e i r   long  axes  e s s e n -  
t i a l l y   p a r a l l e l   (ie  they  are  e s s e n t i a l l y   "end-on")  to  l i g h t  
i n c i d e n t   on  the  ce l l   3  in  a  d i r e c t i o n   p e r p e n d i c u l a r   to  the  s l i d e s  

4,  5,  e f f e c t i v e l y   r educ ing   t h e i r   abso rp t ion   of  ambient  l i g h t .  
This  g ives   the  c e l l   3  a  r e l a t i v e l y   c l ea r   or  weakly  c o l o u r e d  

a p p e a r a n c e .  



If  the  e l e c t r o d e s   7  and  8  cover  only  par t   of  the  i n n e r  

su r f ace   of  the  s l i d e s   4  and  5  r e s p e c t i v e l y   the  e n t i r e   c e l l  3   w i l l  

appear   s t r o n g l y   coloured  (ie  s t r o n g l y   r e f l e c t s )   in  the  " o f f "  

s t a t e   whereas  in  the  "on"  s t a t e   only  the  r eg ion   of  the  l i q u i d  

c r y s t a l   m a t e r i a l   6  between  the  e l e c t r o d e s   7,  8  wi l l   appear  c l e a r  

or  weakly  coloured  in  the  "on"  s t a t e   the  r emainder   of  t h e  c e l l   3 

a p p e a r i n g   s t r o n g l y   c o l o u r e d ,   ie  r emain ing   in  the  "off"  s t a t e .  

( I f   the  p l e o c h r o i c   dye  absorbs   un i fo rmly   t h r o u g h o u t   the  v i s i b l e  

spectrum  the  s t rong   c o l o u r a t i o n   wi l l   appear   b lack   or  g r e y . )  

Thus,  by  shaping  the  e l e c t r o d e s   7,  8  in to   d i s c r e t e   f a c i n g  

p a r t s ,   eg  bars  of  a  d i g i t   s e p a r a t e l y   c o n n e c t a b l e   to  a  v o l t a g e  

source  (not  shown) ,symbols   or  l e t t e r s   may  be  d i s p l a y e d .   T h i s  

may  be  ach ieved   by  p h o t o e t c h i n g   (in  a  known  way)  the  l a y e r s ,  

eg  Sn02,  used  to  fo rm the   e l e c t r o d e s   7 ,  8   p r i o r   to  a s s e m b l y .  

For  example,  in  the  watch  d i s p l a y   of  F igure   3  the  e l e c t r o d e s  

7 ,  8   are  shaped  to  provide   four  s e v e n . b a r   numeric  d i g i t s   to  

d i s p l a y   time;  eg  the  d i g i t s   are  d i s p l a y i n g   12.45  as  shown  i n  

F igure   3.  A  pulsed  per iod   dot  P  is  a lso   i n c l u d e d ,   as  in  conven -  
t i o n a l   watch  d i s p l a y s ,   to  i n d i c a t e   o p e r a t i o n   of  the  d i s p l a y .  

Examples  of  s u i t a b l e   dyed  l i q u i d   c r y s t a l   m a t e r i a l  f o r   use  a s  

the  m a t e r i a l   6  above  is  the  above  mentioned  Dye  Mixture  1 

d i s s o l v e d   in  one  of  the  two  hosts   E43  and  Host  1  def ined  above 

(the  t h i c k n e s s   of  the  mate r ia l   6  l ayer   being  12  µm).  

In  an  a l t e r n a t i v e   device  embodying  the  second  aspect   of  t h e  

p re sen t   i n v e n t i o n   a  c h o l e s t e r i c   to  nematic  phase  change  e f f e c t  

is  made  in  a  known  way.  The  method  of  c o n s t r u c t i o n   is  the  same 

as  that   desc r ibed   above  with  r e f e r e n c e   to  F igures   1  to  3  excep t  

tha t   no  MgF2  or  SiO  coa t ing   is  app l i ed   to  the  inner   su r faces   o f  

the  e l e c t r o d e   bear ing   s l i d e s   4,  5,  no  p o l a r i s e r   1  is  r equ i red   and 

the  l i q u i d   c r y s t a l   m a t e r i a l   6  in  th i s   case  is  e s s e n t i a l l y   a  l o n g  

p i t ch   c h o l e s t e r i c   m a t e r i a l   (having  a  molecular   h e l i c a l   pi tch  o f  

the  order  of  about  2 µm  con ta in ing   a  p l e o c h r o i c   dye).  A  s u i t a b l e  

m a t e r i a l   is  one  of  the  two  hosts   E43  and  Host  1  defined  above 

c o n t a i n i n g   Dye  Mixture  1  def ined  above  (as  used  in  the  s p e c i f i c  

F r e e d e r i c k s z   e f fec t   device  descr ibed   with  r e f e r e n c e   to  F i g u r e s  
1  to  3)  (the  t h i cknes s   of  the  ma te r i a l   6  l aye r   again  being  12  µm).  



I n   the  "off"   s t a t e   (with  no  vo l t age   a p p l i e d )   the  c e l l  3  

aga in   appea r s   s t r o n g l y   co loured   in  t h i s   case  (as  in  t h e  
F r e e d e r i c k s z   e f f e c t   d e v i c e ) .   The  l i q u i d   c r y s t a l   m a t e r i a l   6  i n  

t h i s   s t a t e   is  in  the  foca l   conic  t e x t u r e   w h i c h  c o m p r i s e s  a n  

a r r a n g e m e n t   of  random  molecu la r   h e l i c e s .   The  dye  molecules   t a k e  

up  the  same  a r rangement   by  the  g u e s t - h o s t   e f f e c t .   The  s t r o n g  
c o l o u r a t i o n   (which  may  be  b lack   or  dark  grey)  is  because  a m b i e n t  

whi te   l i g h t   i n c i d e n t   on  the  m a t e r i a l   6  via  the  s l i d e  4   i s  

p a r t i a l l y   absorbed  by  the  dye  molecu les   which  are  p e r p e n d i c u l a r  

or  ob l i que   to  the  l i g h t   p r o p a g a t i o n   d i r e c t i o n .  

In  the  "on"  s t a t e   a  v o l t a g e   ( t y p i c a l l y   10-15  v o l t s )   i s  

a p p l i e d   between  the  e l e c t r o d e s   7,  8  s u f f i c i e n t   to  give  t h e  

h o m e o t r o p i c   t e x t u r e ,   ie  with  the  l i q u i d   c r y s t a l   molecules   be tween  

the  e l e c t r o d e s   7,  8  e s s e n t i a l l y   r e - o r i e n t a t e d   t o  l i e   p e r p e n d i c u l a r  
to  the  s l i d e s   4,  5.  The  dye  molecu les   between  the  e l e c t r o d e s   7,  8 

are   r e - o r i e n t a t e d   to  t h i s   a r r angement   by  the  g u e s t - h o s t   e f f e c t .  

The  r eg ion   between  the  e l e c t r o d e s   7,  8  appears   c l ea r   or  weakly  

c o l o u r e d   in  t h i s   s t a t e   (as  with  the  F r e e d e r i c k s z   e f f e c t   d e v i c e )  

because   the  dye  molecules   are  e s s e n t i a l l y   "end-on"  to  ambien t  

l i g h t   p r o p a g a t i n g   i n  a   d i r e c t i o n   p e r p e n d i c u l a r   to  the  ce l l   3 ,  

ie  p e r p e n d i c u l a r   to  the  s l i d e s   4,  5  (via  the  s l i de   4 ) .  

A  s u i t a b l e   host  in  t h i s   case  is  e i t h e r   E43  or  Host  Number  1 

s p e c i f i e d   above  (96%  by  weight)   plus  CB  15  (4%  by  w e i g h t )  

Dye  Mixture   1  def ined  above  may  be  used  as  the  guest  dye .  

CB  15  is  the  compound 

s u p p l i e d   by  BDH  Chemicals  L t d .  



1.  An  a n t h r a q u i n o n e   compound  of  the  f o r m u l a :  

wherein  Y1, Y2  and  Y  are  each  i n d e p e n d e n t l y   a l k y l ,   a ry l   o r  

c y c l o a l k y l   provided  that  not  more  than  two  of  Y1  to  Y3  a r e  

i d e n t i c a l .  

2.  An  a n t h r a q u i n o n e   compound  a c c o r d i n g   to  Claim  1  w h e r e i n  
Y1,  Y2and   Y3  are  each  i n d e p e n d e n t l y   C1  to  C20  a l k y l ,   up  to  C15 
aryl   or  C4 to  C8  c y c l o a l k y l .  

3.  An  a n t h r a q u i n o n e   compound  a c c o r d i n g   to  Claim  1  or  Claim  2 

wherein  at  l e a s t   one  of  the  a l k y l ,   a ry l   and  c y c l o a l k y l   r a d i c a l s  

r e p r e s e n t e d   by  Y1;  Y2 and  Y3  c a r r i e s   a  n o n - i o n i c   s u b s t i t u e n t .  

4.  An  a n t h r a q u i n o n e   compound  a c c o r d i n g   to  Claim  3  w h e r e i n  

the  s u b s t i t u e n t   on  the  aryl  r a d i c a l   is  s e l e c t e d   from  lower  a l k y l ,  

lower  a lkoxy,   ha logeno ,   C4  to  C8  c y c l o a l k y l   and  monocycl ic   a r y l .  

5 .  A n   a n t h r a q u i n o n e   compound  a c c o r d i n g   to  Claim  3  w h e r e i n  

the  s u b s t i t u e n t   on  the  a lkyl   r a d i c a l   is  s e l e c t e d   from  l o w e r  

a lkoxy,   ha logeno  and  monocyclic  a r y l .  

6.  An  a n t h r a q u i n o n e   compound  a c c o r d i n g   to  any one  o f  

Claims  1  to  4  wherein  Y1,  Y2  and  Y3  are  phenyl  r a d i c a l s   two  o f  

which  d i f f e r   in  the  nature   or  the  p o s i t i o n   of  a  s u b s t i t u e n t  

t h e r e o n .  

7.  The  an th raqu inone   compound  a c c o r d i n g   to  Claim  1  o r  

Claim  4  where in   Y1  and  Y3  are  4 - t - b u t y l p h e n y l   and  Y2  is  p h e n y l .  

8.  A  compos i t ion   compris ing  at  l e a s t   one  u n s y m m e t r i c a l  

p o l y ( s u b s t i t u t e d - t h i o ) a n t h r a q u i n o n e   compound  acco rd ing   to  a n y  o n e  
of  Claims  1 to  7  and  at  l e a s t   one  symmet r ica l   p o l y - ( s u b s t i t u t e d -  

t h i o ) a n t h r a q u i n o n e   compound,  in  which  a l l   the  s u b s t i t u t e d - t h i o  

groups  are  i d e n t i c a l .  



9.  A  c o m p o s i t i o n   a c c o r d i n g   to  Claim  8  c o n t a i n i n g   at  l e a s t  

50%,  by  we igh t ,   of  the  u n s y m m e t r i c a l   p o l y ( s u b s t i t u t e d - t h i o ) -  

a n t h r a q u i n o n e   compound.  

10.  An  a n t h r a q u i n o n e   compound  or  c o m p o s i t i o n  a c c o r d i n g   to  any  

one  of  Claims  1  to  9  whe re in   the  p roduc t   of  the  molar  e x t i n c t i o n  

of  the  dye  or  c o m p o s i t i o n   and  the  s o l u b i l i t y   of  the  dye  ( i n  

m o l e s / l i t r e )   is  at  l e a s t   500  cm-1 .  

11.  An  a n t h r a q u i n o n e   compound  a c c o r d i n g   to  Claim  1  a s  

d e s c r i b e d   in  Example  19  or  Example  20 .  
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